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ABSTRACT 
The Black Swan Project, situated some 43 km south of northeast of Kalgoorlie in 
Western Australia, formed a case study for an assessment of the petrophysical 
properties of the Black Swan Succession. The Succession hosts a number of discrete 
magmatic nickel sulphide bodies and associated disseminated mineralization. The 
study was undertaken with the aim of establishing possible vectors to ore within the 
project area and potentially elsewhere in the Yilgam Craton. 
Komatiite flows that host mineralization were examined using a proprietary downhole 
logging system, OMS~LOGG, which recorded magnetic susceptibility, inductive 
conductivity, resistivity, natural gamma and gamma-gamma readings on selected 
diamond drill core samples sourced from both trough and flanking channel 
environments. Hand-held magnetic susceptibility, specific gravity and conductivity 
readings were taken from both ore-grade material and host rock lithologies, and a 
number of representative drillcore samples described in terms of mineralogy, geology 
and geomechanical data. This information was then used to relate the geophysical 
properties to individual lithological units. 
However, establishing such relationships proved difficult, as the variable 
metamotphic influences within the Black Swan Succession have resulted in wide-
ranging and inhomogeneous mineralogical assemblages, with complex distribution 
and composition of magnetic oxide minerals. 
In general, potentially mineralised trough environments were characterized by high 
conductivity and a higher density. Carbonate was the most abundant mineral in this 
environment. Conversely, the channel flanks had lower conductivities, and lower 
density readings, while chlorite was the primary mineral constituent. 
Susceptibility readings returned similar ranges in both environments, indicating the 
technique could not be used as a discriminator. No correlation was noted between 
manual estimations of magnetite content and magnetic susceptibility or between 
manual estimates of opaque mineral percentages and magnetic susceptibility. A weak 
inverse linear relationship was noted between the percentage of opaque material and 
the gamma-gamma readings in downhole logs. 
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1 . 0  I N T R O D U C T I O N 
  
T h e  B l a c k  S w a n  S u c c e s s i o n  i s  l o c a t e d  i n  t h e ·  E a s t e r n  G o l d f i e l d s  p r o v i n c e  o f  W e s t e r n  
A u s t r a l i a ,  s o m e  4 3  l o n s  n o r t h e a s t  o f  K a l g o o r l i e  o n  t h e  K u m a l p i  ( S H - 5 1 - 1 0 )  1 : 2 5 0 , 0 0 0  a n d  
G i n d a l b i e ( 3 2 3 7 )  1 : 1 0 0 , 0 0 0 s c a l e m  a p s h e e t s .  T h e B l a c k S w a n S u c c e s s i o n i s h o s t t  0 a  
n u m b e r  o f  d i s c r e t e  m a g m a t i c  n i c k e l  s u l p h i d e  b o d i e s  a n d  a s s o c i a t e d  d i s s e m i n a t e d  N i S  
m i n e r a l i s a t i o n ,  n a m e l y  S i l v e r  S w a n ,  S i l v e r  S w a n  D e e p s ,  C y g n e t ,  B l a c k  S w a n ,  B l a c k  D u c k ,  
W o o d  D u c k ,  W h i t e  S w a n  a n d  1 1 2 0 0 m N .  T h e  e x p l o r a t i o n  a n d  d e v e l o p m e n t  p r o j e c t  
e n c o m p a s s i n g  t h e s e  b o d i e s  i s  k n o w n  a s  t h e  B l a c k  S w a n  P r o j e c t .  
T h e  s u r f i c i a l  c h a r a c t e r  o f  t h e  B l a c k  S w a n  P r o j e c t  a r e a  i s  d o m i n a t e d  b y  s a l t  l a k e s  a n d  
t r a n s p o r t e d  o r  r e s i d u a l  l a t e r i t i c  s o i l s  w i t h  e x t r e m e l y  l i m i t e d  o u t c r o p  e x p o s u r e  ( H i c k s  &  
B a l f e ,  1 9 9 8 ) .  T h u s , : m u c h  o f  t h e  g e o l o g i c a l  a n d  s t r u c t u r a l  k n o w l e d g e  o f  t h e  a r e a  h a s  b e e n  
l a r g e l y  d e r i v e d  f r o m  g e o p h y s i c a l  i n t e r p r e t a t i o n s  o f  a i r b o r n e  a n d  g r o u n d  m a g n e t i c  s u r v e y s  
a n d  s u b s e q u e n t l y  b y  s y s t e m a t i c  f o l l o w - u p  e x p l o r a t i o n  d r i l l i n g .  
T h e  B l a c k  S w a n  P r o j e c t  f o r m s  a  c a s e  s t u d y  f o r  a n  a s s e s s m e n t  o f  t h e  p e t r o p h y s i c a l  p r o p e r t i e s  
o f  t h e  B l a c k  S w a n  S u c c e s s i o n  i n  r e l a t i o n  t o  t h e  p e t r o l o g y  a n d  m i n e r a l o g y  o f  t h e  p a c k a g e ,  
w i t h  t h e  a i m  o f  e s t a b l i s h i n g  p o s s i b l e  v e c t o r s  t o  o r e  w i t h i n  t h e  p r o j e c t  a r e a  a n d  p o t e n t i a l l y  
e l s e w h e r e  i n  t h e  Y i l g a m  C r a t o n .  T h i s  w i l l  b e  d o n e  b y  a t t e m p t i n g  t o  g e o p h y s i c a l l y  t y p e c a s t  
K o m a t i i t e  f l o w s  h o s t i n g  m i n e r a l i s a t i o n ,  s o  a s  t o  d i s c r i m i n a t e  t h e  c h a n n e l  f r o m  t h e  f l a n k s  o f  
t h e  f l o w s  a n d  t h u s  p r o v i d e  v e c t o r s  t o  n i c k e l  s u l p h i d e  m i n e r a l i s a t i o n .  G i v e n  t h e  e x p e n s e  o f  
c l o s e - s p a c e d  d r i l l i n g  p r o g r a m s ,  a n d  t h e  n e c e s s i t y  f o r  h i g h  c o s t  d i a m o n d  d r i l l i n g  t o  e l u c i d a t e  
g e o l o g y  a n d  s t r u c t u r e  i n  a r e a s  o f  l i m i t e d  o u t c r o p ,  g e o p h y s i c a l  t e c h n i q u e s  c o u l d  s i g n i f i c a n t l y  
r e d u c e  e x p l o r a t i o n  c o s t s ,  p a r t i c u l a r l y  i f  t h e  m e t h o d s  u t i l i s e d  a r e  s p e c i f i c a l l y  k e y e d  t o  t h e  
g e o l o g y  o f  a  p r o j e c t .  
T h i s  s t u d y  r e q u i r e s  a n  u n d e r s t a n d i n g  o f  K o m a t i i t e  f o r m a t i o n  p r o c e s s e s ,  e f f e c t s  o f  
d e f o r m a t i o n  a n d  m e t a m o r p h i s m  o n  t h e  m i n e r a l o g y  o f  t h e  f l o w s ,  a n d  a  g r a s p  o f  t h e  d i f f e r e n t  
g e o p h y s i c a l  m e t h o d s  t h a t  c o u l d  b e  u s e d  w i t h i n  b o r e h o l e s  t o  i d e n t i f y  c h a n g e s  i n  f l o w  
m o r p h o l o g y .  F r o m  t h i s  b a c k g r o u n d ,  i n d i v i d u a l  u n i t s  w i t h i n  t h e  f l o w  c a n  b e  t y p e c a s t  
p e t r o p h y s i c a l l y ,  a n d  t h e  r e s u l t a n t  r e a d i n g s  c o m p a r e d  t o  p e t r o g r a p h i c  a n d  m i n e r a l o g i c a l  
d e s c r i p t i o n s  t o  d e t e r m i n e  i f  t h e  m i n e r a l o g y  a n d  p e t r o l o g y  h a v e  a  m a j o r  e f f e c t  o n  t h e  
p e t r o p h y s i c s .  
2  
1 . 1  D e f m i t i o n  o f  a  K o m a t i i t e  
A  K o m a t i i t e  i s  a  r o c k ,  c r y s t a l l i s e d  f r o m  u l t r a m a f i c  l a v a ,  w h i c h  h a s  a n  M g O  c o n t e n t  i n  e x c e s s  
o f  l 8 - w e i g h t  % ,  a n d  i s  c h a r a c t e r i s e d  b y  t h e  p r e s e n c e  o f  s p i n i f e x  t e x t u r e s ,  d i s t i n c t i v e  g r o w t h s  
o f  s k e l e t a l  o l i v i n e  o r  p y r o x e n e  ( A r n d t  &  N i s b e t ,  1 9 8 2 ) .  K o m a t i i t i c  b a s a l t s  h a v e  M g O  
c o n t e n t s  t y p i c a l l y  i n  t h e  r a n g e  o f  1 2  - 1 8 %  a n d  a r e  a l s o  c h a r a c t e r i s e d  b y  s p i n i f e x  t e x t u r e s .  
K o m a t i i t e  l a v a s  h a v e  b e e n  i n t e r p r e t e d  b y  H u p p e r t  e t  a l .  ( 1 9 8 4 )  t o  h a v e  e r u p t e d  a t  v e r y  h i g h  
t e m p e r a t u r e s  o f  b e t w e e n  l 4 0 0 - 1 6 5 0
o
C ,  a n d  t o  h a v e  h a d  v i s c o s i t i e s  r a n g i n g  f r o m  0 . 1  - 1 0  
P a s .  T h e  f l o w s  t y p i c a l l y  f o r m  b r o a d  t h i n  s h e e t s  o f l a v a .  ( H i l l  e t  a I . ,  1 9 9 5 ) .  
1 . 2  K o m a t i i t e  T e x t u r e s  
K o m a t i i t e s  d i s p l a y  a  w i d e  r a n g e  o f  t e x t u r e s  p r o d u c e d  b y  v a r i a t i o n s  i n  t h e  c r y s t a l  h a b i t s  o f  
o l i v i n e  a n d  p y r o x e n e .  D e n d r i t i c  o r  s p i n i f e x  t e x t u r e s  f o r m  w h e n  o l i v i n e  d e v e l o p s  a  v a r i e t y  o f  
s k e l e t a l  h a b i t s ;  w h i l e  c u m u l a t e  t e x t u r e s  a r i s e  f r o m  a c c u m u l a t i o n s  o f  a p p r o x i m a t e l y  
e q u i g r a n u l a r  c r y s t a l s  ( H i l l  e t  a l . ,  1 9 9 0 ) .  C u m u l a t e  t e x t u r e s  p r e d o m i n a t e  a n d  o n l y  a  s m a l l  
p r o p o r t i o n  o f  K o m a t i i t e s  d i s p l a y  s p i n i f e x  t e x t u r e s .  K o m a t i i t e  t e x t u r e s  a r e  i n d i c a t i v e  o f  t h e  
c r y s t a l l i z a t i o n  c o n d i t i o n s  p r e v a i l i n g :  r a p i d  c o o l i n g  a n d  h i g h  d e g r e e s  o f  s u p e r  c o o l i n g  
p r o d u c e  f i n e  r a n d o m  s p i n i f e x  t e x t u r e ,  m o d e r a t e  c o o l i n g  r a t e s  g i v e  r i s e  t o  c o a r s e  s p i n i f e x  
t e x t u r e s ,  a n d ,  s l o w  c o o l i n g  r a t e s  r e s u l t  i n  p o l y h e d r a l  c u m u l u s - t e x t u r e d  o l i v i n e .  A c c u m u l a t e s  
f o r m  i n  d y n a m i c  r e g i m e s  w i t h  r a p i d  t u r b u l e n t  f l o w  o f  l a v a ,  u n d e r  c o n d i t i o n s  w h e r e  
\  
t e m p e r a t u r e s  a t  t h e  s i t e  o f  c r y s t a l l i s a t i o n  n e v e r  d r o p p e d  f a r  b e l o w  t h e  l i q u i d u s  ( H i l l  e t  a l . ,  
1 9 9 0 ) .  
O l i v i n e  s p i n i f e x  t e x t u r e s  c o m m o n l y  t a k e  t w o  f o r m s :  p l a t y ,  s k e l e t a l  c r y s t a l s  o r i e n t a t e d  i n  
e i t h e r  r a n d o m  o r  p a r a l l e l  p l a t y  a r r a y s ,  t h e  l a t t e r  h a v i n g  g r o w n  d o w n w a r d s  f r o m  a  f l o w  t o p  
i n t o  c o o l i n g  K  o m a t i i t e  l i q u i d  ( H i l l  e t  a I . ,  1 9 9 0 ) .  A  s c h e m a t i c  r e p r e s e n t a t i o n  o f  t e x t u r a l  
p a t t e r n s  s h o w n  b y  a  t y p i c a l  t h i n  s p i n i f e x  t e x t u r e d  f l o w  f r o m  t h e  S o u t h e r n  F l a n k i n g  Z o n e  o f  
t h e  B l a c k  S w a n  S u c c e s s i o n  i s  p r e s e n t e d  i n  f i g u r e  1 . 1 .  
T h e  s p i n i f e x  z o n e  i s  c h a r a c t e r i s e d  f r o m  t h e  t o p  t o  t h e  b a s e  b y :  
•  a  b r e c c i a t e d  c h i l l e d  f l o w  t o p  ( t h e  A l  Z o n e ) ;  
3  
- - - - - - - - - - - - - - - - -
H i g h  h e a t  l o s s  
~( ~~VII"'~	 
B S D  8 4 :  1 7 2 m
J \
- - - - - - - - - - - - - - - - - - . . . s : : . . .~II\('\(")..ot'>noe-.: _  
C h i l l e d  f l o w  t o p  
F r a c t i o n a t e d  r  
o l i v i n e  p o o r  
l i q u i d  
S o l i d i f i e s  a s  
f e a t h e r y  o l i v i n e  
+  c l i n o p y r o x e n e  
+  d e v i t r i f i e d  g l a s s  
B o o k s  o f  p l a t e  
o l i v i n e  g r o w 
  
d o w n  i n t o 
  
s o l u t e  r i c h ' 
  
m e l t  
C o n v e c t i n g 
  
m e l t 
  
B S D  8 5 :  1 3 7 . 6 5 m
i  
E
H i g h l y  
l [ ) 
  
. s u p e r s a t u r a t e d  
, 
  
m e l t 
  
~ 




a .  
I -
> ­ 	
8 1  
. .  
B 2  1 \  
1 	  
\
\
G r o w t h  o f 
  
+ - - - - s u s p e n d e d  
\ 
  
p o l y h e d r a l  - ­
. 

.  . . . .  . . .
. . .  - . .  . .  
\
o l i v i n e s  
. .  .  .  
.  : - ~ - . . - 	 .  ~ .
• . • •  . . . . .  • 	  : C I Q - - :  . - .  
\  
. . .  . .~ . . , . .  . ,  . .  ~	 B S D  8 6  :  1 8 8 . 6 5 m  
, .  t >  • • • , .  •




( )  . . . .  . .  - . .  - - . .  
B 3  
\  
\  
U n d e r l y i n g  
f l o w  











\ 	  
B S D  8 5  :  1 4 2 . 1 0 m  
F i g u r e  1 . 1  S c h e m a t i c  r e p r e s e n t a t i o n  o f  t e x t u r a l  p a t t e r n s  e x h i b i t e d 
  
b y  t y p i c a l  s p i n i f e x - t e x t u r e d  f l o w s  ( a f t e r  A m d t  e t  a l .  1 9 7 7 ) ,  c o m p a r e d  
\ 
  
w i t h  p h o t o g r a p h s  o f  d r i l l  c o r e  t h r o u g h  t h e  s o u t h e r n  f l a n k i n g  z o n e 
  
\
o f  t h e  B l a c k  S w a n  S u c c e s s i o n .  
\ I f t "  
• 	  a  l a y e r  o f  c o a r s e  o l i v i n e  p l a t e s ,  a l i g n e d  n o n n a l  t o  t h e  f l o w  t o p  ( t h e  A 3  Z o n e ) ;  
a n d ,  
• 	  a  c u m u l a t e - t e x t u r e d  z o n e  ( t h e  B  z o n e ) .  
T h e  i n d i v i d u a l  z o n e s  m a y  v a r y  i n  t h i c k n e s s  f r o m  t e n s  o f  c e n t i m e t r e s  t o  m a n y  t e n s  o f  m e t r e s  
( H i l l  e t  a l . ,  1 9 9 0 ) .  
I n  l e s s  m a g n e s i u m  r i c h  r o c k s ,  s p i n i f e x  t e x t u r e s  a r e  c o m m o n l y  d e f i n e d  b y  n e e d l e  l i k e  
p y r o x e n e  c r y s t a l s  ( H i l l  e t  a l . ,  1 9 9 0 ) .  T h e  l a y e r e d  s t r u c t u r e  o f t h e s e  f l o w s  i s  s i m i l a r  t o  t h a t  o f  
o l i v i n e  s p i n i f e x - t e x t u r e d  f l o w s .  A  s c h e m a t i c  r e p r e s e n t a t i o n  o f p a t t e r n s  e x h i b i t e d  b y  a  t y p i c a l  
p y r o x e n e  t e x t u r e d  f l o w  i s  p r e s e n t e d  i n  f i g u r e  1 . 2 .  
P y r o x e n e  s p i n i f e x  z o n e s  a r e  c h a r a c t e r i s e d ,  f r o m  t h e  t o p  t o  t h e  b a s e  b y :  
• 	  a  f l o w  t o p  b r e c c i a ;  
• 	  a  z o n e  o f  r a n d o m l y  o r i e n t a t e d  o l i v i n e  w a f e r s  g e n e r a l l y  2  - 3  m m  i n  s i z e  w i t h  
s h e a v e s  o f  f i n e - g r a i n e d  c 1 i n o p y r o x e n e  a n d  g l a s s  i n t e r s t i t i a l  t o  t h e  o l i v i n e ;  
• 	  a  u n i t  w i t h  p y r o x e n e  s p i n i f e x - t e x t u r e s :  a  " s t r i n g y  b e e f '  z o n e  w i t h  r a n d o m  z o n e s  
a b o v e  a n d  b e l o w  i t ;  
• 	  a  t h i n  ( 0 . 3 m )  o r t h o p y r o x e n e - r i c h  l a y e r ;  a n d ,  
• 	  a  c u m u l a t e  u n i t  c o n t a i n i n g  e q u a n t ,  s o l i d  t o  s k e l e t a l  o l i v i n e  c r y s t a l s  w i t h  
c l i n o p y r o x e n e  o v e r g r o w t h s  a n d  s u b h e d r a l ,  s o l i d  c r y s t a l s  o f  c l i n o p y r o x e n e  ±  
o r t h o p y r o x e n e  ( H i l l  e t  a l . ,  1 9 9 5 ) .  
B e l o w  t h e  A 3  z o n e  l i e  c u m u l a t e  t e x t u r e d  u n i t s  k n o w n  a s  t h e  B  Z o n e .  A  t h i n  z o n e ,  t h e  B 1  
Z o n e ,  m a y  e x i s t  j u s t  b e l o w  t h e  A  z o n e  a n d  c o n s i s t s  o f  a l i g n e d  o r  f o l i a t e d  h o p p e r  b l a d e d  
o l i v i n e  c r y s t a l s .  
A  r a n g e  o f  t e x t u r e s  e x i s t s  w i t h i n  t h e  c u m u l a t e  o r  B  z o n e  ( f i g u r e  1 . 3 ) .  T h e s e  t e x t u r e s  a r e  
s u b d i v i d e d  o n  t h e  b a s i s  o f  t h e  p r o p o r t i o n  o f  c u m u l u s  c r y s t a l s  t o  t h e  c r y s t a l l i s a t i o n  p r o d u c t s  
o f  m a g m a  t r a p p e d  b e t w e e n  ( i n t e r s t i t i a l  t o )  t h e  c u m u l u s  c r y s t a l s  ( H i l l  e t  a I . ,  1 9 9 5 ) ,  a n d  a r e  
o u t l i n e d  b e l o w :  
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F l o w ' t o p  b r e c c i a  
O l i v i n e - b e a r i n g  r a n d o m  
p y r o x e n e  s p i n i f e x  
R a n d o m  p y r o x e n e  
s p i n i f e x  
S t r i n g y  b e e f  
p y r o x e n e  s p i n i f e x  
O r t h o p y r o x e n e  c u m u l a t e  
O l i v i n e - c l i n o p y r o x e n e  
c u m u l a t e  
C h i l l e d  b a s a l  m a r g i n  
F i g u r e  , . 2 .  P r o f i l e  t h r o u g h  p y r o x e n e  s p i n i f e x - t e x t u r e d  k o m a t i i t e  f l o w  
s h o w i n g  t e x t u r a l  v a r i a t i o n .  A f t e r  H i l l  e t  a l .  ( 1 9 9 7 ) .  
B .  O l i v i n e  m e s o c u m u l a t e  
C .  O l i v i n e - s u l f i d e  m e s o c u m u l a t e  
D .  O l i v i n e  o r t h o c u m u l a t e  
F i g u r e  1 . 3  K o m a t i i t e  o l i v i n e  c u m u l a t e  t e x t u r e s .  ( A f t e r  H i l l  e t  a l . ,  1 9 9 0 . )  
O r t h o c u m u l a t e s  e x h i b i t  a  h i g h  p r o p o r t i o n  o f  c r y s t a l l i s e d - t r a p p e d  i n t e r c u m u l u s  
l i q u i d  b e t w e e n  s u b h e d r a l  t o  e u h e d r a l  c u m u l u s  c r y s t a l s .  
M e s o c u m u l a t e s ,  i n  w h i c h  t h e  c u m u l u s  c r y s t a l s  d i s p l a y  e x t e n s i v e  m u t u a l  b o u n d a r y ,  
c o n t a c t s  b u t  w h i c h  r e t a i n  s o m e  r e c o g n i s a b l e  p r i m a r y  i g n e o u s  p o r o s i t y .  
A c c u m u l a t e s ,  w h i c h  h a v e  l i t t l e  o r  n o  i n t e r c u m u l u s  m a t e r i a l  a n d  a r e  c h a r a c t e r i s e d  b y  
a n h e d r a l  c r y s t a l s  s h o w i n g  a  v e r y  h i g h  d e g r e e  o f  m u t u a l  b o u n d a r y  c o n t a c t  a n d  t r i p l e  
p o i n t  j u n c t i o n s .  
O l i v i n e  h a r r i s i t e  i s  a  t e r m  g i v e n  t o  a  r o c k ,  w h i c h  i s  a  s p e c i a l  c a s e  o f  t r a n s i t i o n  f r o m  
o r t h o c u m u l a t e  t o w a r d s  s p i n i f e x  t e x t u r e  a n d  i s  c h a r a c t e r i s e d  b y  c o a r s e ,  b r a n c h i n g  
d e n d r i t i c  o l i v i n e  c r y s t a l s .  T h i s  r o c k  t y p e  i s  n o t e d  w i t h i n  t h e  B l a c k  S w a n  K o m a t i i t e  
a n d  i s  b e l i e v e d  t o  b e  i n d i c a t i v e  o f p o n d i n g  o f l a v a .  
F i g u r e s  l . 4 a  a n d  l . 4 b  i l l u s t r a t e  t h e  c h a n g e s  i n  o l i v i n e  m o r p h o l o g y  a s  a  f u n c t i o n  o f  
s u p e r s a t u r a t i o n  o r  e x t e n t  o f u n d e r  c o o l i n g  o f t h e  K o m a t i i t e  m e l t .  
D o n a l d s o n  ( 1 9 7 6 )  d e m o n s t r a t e d  t h a t  t h e  d e g r e e  o f  s u p e r c o o l i n g  a l s o  a f f e c t s  c r y s t a l  
m o r p h o l o g y .  I n c r e a s e s  i n  e i t h e r  t h e  r a t e  o f  c o o l i n g  o r  d e g r e e  o f  s u p e r  c o o l i n g  h a v e  a  
c o n s i s t e n t  a n d  o b v i o u s  e f f e c t  o n  t h e  h a b i t  o f t h e  o l i v i n e  c r y s t a l s  f o r m e d .  T h i s  i s  i l l u s t r a t e d  i n  
F i g u r e  1 . 5 .  A s  n o t e d  b y  H i l l  ( 1 9 9 6 ) ,  s l o w  c o o l i n g  r a t e s  g i v e  r i s e  t o  l o w  d e g r e e s  o f  
s u p e r c o o l i n g .  I n  t h i s  s i t u a t i o n ,  a  s m a l l  n u m b e r  o f  n u c l e i  g r o w  s l o w l y  t o  f o r m  p o l y h e d r a l  
o l i v i n e  s h a p e s .  A s  t h e  c o o l i n g  r a t e  i n c r e a s e s ,  t h e  l i q u i d  b e c o m e s  p r o g r e s s i v e l y  m o r e  
s u p e r c o o l e d  ( a n d  h e n c e  m o r e  s u p e r s a t u r a t e d )  b e f o r e  c r y s t a l s  b e g i n  t o  f o r m ,  a n d  t h e  o l i v i n e  
c r y s t a l s  b e c o m e  i n c r e a s i n g l y  s k e l e t a l  a n d  e l o n g a t e  a s  t h e  g r o w t h - r a t e  i n c r e a s e s .  T h e r e  i s  
t h u s  a  p r o g r e s s i o n  f r o m  p o l y h e d r a l  t o  h o p p e r ,  e l o n g a t e - s k e l e t a l ,  c h a i n - l i k e ,  p l a t y  a n d  
d e n d r i t i c  c r y s t a l s  w i t h  a n  i n c r e a s e  i n  c o o l i n g  r a t e  o r  d e g r e e  o f  s u p e r  c o o l i n g .  
8  
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D e g r e e  o f  s u p e r h e a t  
T h e r m a l  e r o s i o n  
+ . 6 .  T  
I  I  T  L  ( I i q u i d u s )  - - - - - . . 1 0 1 .  a d c u m u l a t e  
P o r p h y r i t i c  h a r r i s i t e  
P o l y h e d r a l
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o l i v i n e s  
D e g r e e  o f  s u p e r c o o l i n g  
- . 6 .  T  
0 1 .  o r t h o c u m u l a t e  
B r a n c h i n g  h a r r i s i t e  
B l a d e d  o l i v i n a s  
F i g u r e  1 . 4 a  R e l a t i o n s h i p  betwe~n t h e  d e g r e e  o f  s u p e r c o o l i n g ,  a n d  t h e  d e v e l o p m e n t  o f 
  
o l i v i n e  a d c u m u l a t e ,  m e s o c u m u l a t ! ? ;  o r t h o c u m u l a t e  a n d  b l a d e d  t e x t u r e s . 
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F i g u r e  1 . 4 b  S i m p l i f i e d  d i a g r a m  s h o w i n g  t h e  r e l a t i o n s h i p s  b e t w e e n  d e g r e e  o f  s u p e r c o o l i n g ,  
r a t e  o f  c r y s t a l  g r o w t h  a n d  t h e  r a t e  o f  n u c l e a t i o n .  C o n d i t i o n s  f a v o u r i n g  t h e  c r y s t a l l i s a t i o n  o f  
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F i g u r e  1 . 5  V a r i a t i o n s  i n  m o r p h o l o g y  o f  o l i v i n e  c r y s t a l s  g r o w n  f r o m  m a f i c  m e l t s ,  a s  a  f u n c t i o n  o f  c o o l i n g  r a t e  
a n d  d e g r e e  o f  s u p e r c o o l i n g  a t  t h e  t i m e  o f  o l i v i n e  n u c l e a t i o n .  ( R e d r a w n  b y  H i l l  e t  a l . ,  1 9 9 0  a f t e r  D o n a l d s o n ,  1 9 7 6 . )  
1 . 3  K o m a t i i t e  F l o w  F a c i e s  
C h a r a c t e r i s t i c  a s s e m b l a g e s  a n d  a r r a n g e m e n t  o f  r o c k  t y p e s  r e l a t e  t o  d i s t i n c t i v e  v o l c a n i c  
e n v i r o n m e n t s  o r  f a c i e s ,  w h i c h  h a v e  b e e n  c l a s s i f i e d  b y  H i l l  e t  a l .  ( 1 9 9 6 )  a r e  d e s c r i b e d  i n  
T a b l e  1 . 1  
T A B L E  1 . 1 .  K o m a t i i t e  F l o w  F a c i e s  a n d  V o l c a n i c  E n v i r o n m e n t s  ( a f t e r  H i l l  e t  a L ,  1 9 9 6 )  
F a c i e s 	  
D e s c r i p t i o n  I  E x a m p l e  
F l o o d  F l o w 	  U n c o n s t r a i n e d  c o n t i n u o u s  s h e e t  f l o w  o f  I  W a l t e r  W i l l i a m s  F o n n a t i o n  i n  t h e  
l a v a  t o  p r o d u c e  t h i c k  ( u p  t o  5 0 0 m )  N o r s e m a n  W i l u n a  G r e e n s t o n e  B e l t  
s h e e t - l i k e  l a y e r e d  o A C *  b o d i e s  a n d  
l a y e r e d  u l t r a m a f i c - g a b b r o  s e q u e n c e s .  
C o n t i n u o u s  s h e e t  f l o w  w i t h  p r e f e r r e d  
A g n e w - W i l u n a  G r e e n s t o n e  B e l t ,  W A  
f l o w . ·  p a t h w a y s ,  p r o b a b l y  e r o s i o n a l  
M t  K e i t h  U l t r a m a f i c  C o m p l e x  
c h a n n e l s ,  g i v i n g  r i s e  t o  r e g i o n a l l y  
p e r s i s t e n t  c o n c o r d a n t  s h e e t - l i k e  u n i t s  o f  
P e r s e v e r a n c e  U l t r a m a f i c  C o m p l e x  
O O C *  ( l O O - 2 0 0 m  t h i c k )  w i t h  o c c a s i o n a l  
s p i n i f e x  t e x t u r e d  f l o w  t o p s ,  w h i c h  f l a n k  
s u b s t a n t i a l l y  t h i c k e r  t r o u g h - s h a p e d  
F o r r e s t a n i a  G r e e n s t o n e  B e l t ,  W A  
b o d i e s  o f  l a y e r e d  c o a r s e  g r a i n e d  * o A C  
E a s t e r n ,  C e n t r a l , 	  W e s t e r n  U l t r a m a f i c  
u p  t o  l k m  t h i c k  a n d  2 k m  w i d e ,  r e f e r r e d  
U n i t s  a t  F o r r e s t a n i a  
t o  a s  " d u n i t e  l e n s e s " .  
C o m p o u n d  F l o w  I  E p i s o d i c  s h e e t  f l o w s  c o m p r i s i n g  I  S i l v e r  L a k e  M e m b e r ,  K a m b a l d a ,  W A  
p r e f e r r e d  l a v a  p a t h w a y s  f l a n k e d  b y  
m a r g i n a l  c o m p o u n d  f l o w  l o b e s ,  g i v i n g  N o r t h e r n  L a v a  P a t h w a y  a n d  B l a c k  
r i s e  t o  l i n e a r  t r o u g h - s h a p e d  f e a t u r e s  S w a n  L a v a  P a t h w a y ,  L o w e r  
> l O k m  l o n g ,  u p  t o  2 0 0 m  w i d e  a n d  u p  t o  U l t r a m a f i c  U n i t ,  B l a c k  S w a n  
l 5 0 m  t h i c k ,  c o m p r i s e d  o f  " ' o M C  a n d  S u c c e s s i o n ,  W A  
" ' o O C  w i t h  m i n o r  h a r r i s i t e  l a y e r s  a n d  
t h i n  s p i n i f e x  - t e x t u r e d  f l o w  t o p s ,  
f l a n k e d  b y  s e q u e n c e s  o f  t h i n n e r  ( 1 0 ­
l O O m )  d i f f e r e n t i a t e d  s p i n i f e x  t e x t u r e d  
f l o w  u n i t s  a n d  i n t e r f i o w  s e d i m e n t s .  
T h i n  e p i s o d i c a l l y  e m p l a c e d  c o m p o u n d  M u n r o  T o w n s h i p ,  t h e  K o m a t i  R i v e rI  
f l o w  l o b e s  c o m p r i s i n g  t h i n  d i f f e r e n t i a t e d  v a l l e y ,  B a r b e r t o n  M o u n t a i n l a n d  
a n d  u n d i f f e r e n t i a t e d  f l o w  u n i t s  b e t w e e n  
5 0 c m  a n d  l O m  t h i c k  a n d  t e n s  t o  
h u n d r e d s  o f  m e t r e s  w i d e ,  w i t h  n o  
o b v i o u s  i n t e r n a l  p a t h w a y s .  
P o n d e d F l o w 	  
E x t e n s i v e  s h e e t - l i k e  c u m u l a t e  b o d i e s  K u r r a j o n g ,  W a l t e r W i l l i a m s  F o n n a t i o n  I  
d e r i v e d  f r o m  f r a c t i o n a t e d  K o m a t i i t e 
  
m a g m a s .  L i t h o l o g i e s  i n c l u d e 
  
p y r o x e n i t e s  a n d  g a b b r o s  f o n n e d  b y  i n 
  
s i t u  c r y s t a l l i s a t i o n  o f  p o n d e d  l a v a  l a k e s . 
  
o A C  - o l i v i n e  a d c u m u l a t e ,  * o M C  - o l i v i n e  m e s o c u m u l a t e ,  * o O C  - o l i v i n e  o r t h o c u m u l a t e  
1 1  
T a k e n  f r o m  D o w l i n g  &  H i l l  ( 1 9 9 8 ) ,  F i g u r e  1 . 6  i s  a  h i g h l y  s c h e m a t i c  g e n e r a l i s e d  p l a n  a n d  
s e c t i o n s  o f  a  p o r t i o n  o f  a  l a r g e  K o m a t i i t e  v o l c a n i c  c o m p l e x ,  w h i c h  i n c o r p o r a t e s  d i f f e r e n t  
d e p o s i t i o n a l  e n v i r o n m e n t s .  T h e  a c t u a l  v o l c a n i c  c o m p l e x  c a n  v a r y  f r o m  a  f e w  k i l o m e t r e s  t o  
h u n d r e d s  o f k i l o m e t r e s  i n  a e r i a l  e x t e n t .  
F i g u r e  1 . 7  s h o w  a  s c h e m a t i c  r e p r e s e n t a t i o n  o f  a  p o r t i o n  o f  a  K o m a t i i t e  f l o w  f i e l d  a c c o r d i n g  
t o  H i l l  e t  a l .  ( 2 0 0 0 ) .  T h i s  m o d e l  i l l u s t r a t e s  t h e  r e l a t i o n s h i p s  o f  v o l c a n i c  f a c i e s  a s  
c o m p o n e n t s  o f  a  s i n g l e  s u s t a i n e d  s h e e t - f l o w  e r u p t i o n .  F u n d a m e n t a l  f e a t u r e s  o f  t h i s  m o d e l  
a r e  a  c o n s t a n t  l o n g - l i v e d  l a v a  f l o w ,  i n f l a t i o n  o f  s h e e t  f l o w  u n i t s  u n d e r  c o m p o s i t e  v i s c o ­
e l a s t i c  a n d  b r i t t l e  c r u s t s ,  a n d  t h e  d e v e l o p m e n t  o f p r e f e r r e d  l a v a  p a t h w a y s  ( c h a n n e l )  o r  t u b e s .  
1 . 4  M e t a m o r p h i s m  o f  K o m a t i i t e s  
T h e  n a t u r e  o f t h e  m i n e r a l o g i c a l  a s s e m b l a g e  t h a t  d e v e l o p s  d u r i n g  m e t a m o r p h i s m  i s  c o n t r o l l e d  
b y  t h e  p r i m a r y  i g n e o u s  c o m p o s i t i o n  o f  t h e  r o c k s ,  t h e  P - T  c o n d i t i o n s  o f  m e t a m o r p h i s m ,  a n d  
t h e r a t i o  o f H
2
0  t o C 0 2 i n t h e m e t a m o r p h i c f l u i d ( H i l l , 1 9 9 6 ) .  
T h e  c h e m i c a l  s u b s t i t u t i o n  s e r i e s :  
C a F M A S C H  ( C a O - F e O - M g O - A h 0 3 - S i 0 2 - C 0 2 - H 2 0 )  
c a n  b e  u s e d  t o  e x p l a i n  m e t a m o r p h i c  p h a s e  e q u i l i b r i u m  i n  k o m a t i i t i c  r o c k s  ( H i l l ,  1 9 8 9 ) .  I n  
t h i s  s y s t e m ,  F e O  s u b s t i t u t e s  f o r  M g O  i n  m o s t  m i n e r a l  a s s e m b l a g e s  w i t h o u t  a f f e c t i n g  t h e  
s t a b i l i t y  o f  t h e  r e s u l t a n t  m i n e r a l .  D u r i n g  m e t a m o r p h i s m  o f  a  K o m a t i i t e ,  c h l o r i t e  i s  f o r m e d  a t  
l o w  t e m p e r a t u r e  a n d  p r e s s u r e  g r a d i e n t s ,  a n d  t h e n  r e m a i n s  s t a b l e  o v e r  a l m o s t  a l l  m e t a m o r p h i c  
g r a d e s .  I t  i s  f o r m e d  f r o m  m e t a m o r p h i s m  o f  a l l  K o m a t i i t e  b u l k  c o m p o s i t i o n s ,  a n d  u s e s  t h e  
m a j o r i t y  o f  t h e  A h 0 3  i n  t h e  o r i g i n a l  r o c k .  H i l l  ( 1 9 9 1 )  r e p o r t e d  t h a t  t h e  A l  c o n t e n t  o f  t h e  
K o m a t i i t e ,  a n d  t h e r e f o r e ,  t h e  p r o p o r t i o n  o f  c h l o r i t e  i n  t h e  m e t a m o r p h o s e d  r o c k ,  w a s  e x a c t l y  
p r o p o r t i o n a l  t o  t h e  a m o u n t  o f  K o m a t i i t e  l i q u i d  r e l a t i v e  t o  t h e  a m o u n t  o f  c u m u l u s  o l i v i n e .  
T h e  c u m u l u s  o l i v i n e  i n  t h e  K o m a t i i t e  c o n t a i n s  l i t t l e  A I ,  w h i l e  t h e  A l  c o n t e n t  o f  K o m a t i i t e  
l i q u i d s  r a n g e s  b e t w e e n  5  a n d  1 0 %  A h 0 3 .  T h u s ,  t h e  m o d a l  c h l o r i t e  c o n t e n t  o f t h e  r o c k  i s  i n  
d i r e c t  p r o p o r t i o n  t o  t h e  o l i v i n e  c o n t e n t ,  a n d  c a n  b e  u s e d  a s  a  r e l i a b l e  p r e d i c t o r  o f  t h e  o r i g i n a l  
b u l k  c o m p o s i t i o n  o f  t h e  K o m a t i i t e .  
1 2  
A l t e r a t i o n  o c c u r r i n g  p r i o r  t o  t h e  o n s e t  o f  r e g i o n a l  p r o g r a d e  m e t a m o r p h i s m  r e s u l t s  i n  t h e  
s e r p e n t i n i s a t i o n  o f  o l i v i n e  a n d  t h e  h y d r a t i o n  o f  t h e  g l a s s y  g r o u n d m a s s .  S e r p e n t i n i t e s  
c o m m o n l y  c o n s i s t  o f  a n t i g o r i t e  a n d / o r  l i z a r d i t e  w i t h  m i n o r  c h r y s o t i l e .  S e r p e n t i n e  m i n e r a l s  
a r e u n s t a b l e i n t h e p r e s e n c e  o f m i n o r f l u i d s w i t h m i n o r p r o p o r t i o n s  o f C O
2
_  D u r i n g p r o g r a d e  
m e t a m o r p h i s m  d e h y d r a t i o n  r e s u l t s  i n  t h e  b r e a k d o w n  o f  l o w  t e m p e r a t u r e  a l t e r a t i o n  p r o d u c t s .  
D u r i n g  g r e e n s c h i s t  f a c i e s  m e t a m o r p h i s m ,  l i z a r d i t e  a n d  c h r y s o t i l e  s e r p e n t i n e  g i v e  w a y  t o  
a n t i g o r i t e .  S u c h  r e a c t i o n s  t e n d  t o  o b l i t e r a t e  i g n e o u s  t e x t u r e s .  
T h e  t a l c  c o n t e n t  o f  a  r o c k  i s  i n f l u e n c e d  b y  t h e  o r i g i n a l  r o c k  c o m p o s i t i o n  a n d  t h e  a m o u n t  o f  
f l u i d  i n f l u x i n g .  . I f  t h e  r o c k  r e a c t s  w i t h  l a r g e  v o l u m e s  o f  f l u i d ,  l e a d i n g  t o  t h e  c o m p l e t i o n  o f  
t h e  r e a c t i o n ,  t h e n  t h e  r o c k  i s  c o n v e r t e d  t o  a  q u a r t z - c a r b o n a t e - c h l o r i t e  a s s e m b l a g e .  S m a l l e r  
i n f l u x  o f  f l u i d s  r e s u l t s  i n  a  t a l c  +  m a g n e s i t e  +  c h l o r i t e  a s s e m b l a g e  ( H i l l  e t  a l . ,  1 9 9 9 ) .  
1 3  
1 0 - 1 0 0  k m  
P o n d e d  F l o w  F a c i e s  
F l o w  f i e l d  a d v a n c e  
~ 
F l o o d  F l o w  F a c l e s  
U n c o n s t r a i n e d  c o n t i n u o u s  s h e e t  
f l o w  - o l l v l n e  a d c u m u l a t e  s h e e t s .  
F l o o d  F l o w  F a c l e s  
e . g .  W a l t e r W i l l i a m s  F o r m a t i o n ·  
C o n t i n u o u s  s h e e t  f l o w  w i t h  e r o s i o n a l  
C O m p o u n d  F l o w  F a c i e s  
p a t h w a y s  - o l i v i n e  a d c u m u l a t e  l e n s e s .  E p i s o d i c a l l y  e m p l a c e d  c o m p o u n d  
T y p e  1  d e p o s i t s  e . g .  D i g g e r  R o c k s ,  P e r s e v e r a n c e  f l o w ·  d i f f e r e n t i a t e d  f l o w  u n i t s  
T y p e  2  d e p o s i t s  e . g .  M t  K e l t h ,  Y a k a b l n d l e  T y p e  1  d e p o s i t s  - e . g .  K a m b a l d a  
F l o w i n g  l a v a  
C r u s t  
o  
o - 0  
· 0 0  
L a y e r e d  o l i v i n e  T h l n d i f f e r e n t i a t e d  
o r t h o c u m u l a t e  s e q u e n c e  
s p i n i f e x - t e x l u r e d  f l o w  u n i t s  
C r u s t  
"  0
_1~~lrOo 
T h e r m a l  e r o s i o n  
O l i v i n e  a d c u m u l a t e  l e n s e s  T y p e  2  
T y p e  1  N i c k e l  D e p o s i t  
N i c k e l  D e p o s i t  
S p i n i f e x  c r u s t  
t'~t"-_I'" 
1 - ' ' ' '  . . .
. ;  - - -
I~
T h i n  e p i s o d i c a l l y  / :  •  O l i v i n e  c u m u l a t e  u n i t  
e m p l a c e d  f l o w  u n i t s  i n  p r e f e r r e d  p a t h w a y  
N . B .  V e r t i c a l  s c a l e  o f  
s e c t i o n s  g r e a t l y  e x a g g e r a t e d  
T y p e  1  N i c k e l  D e p o s i t  
F i g u r e  1 . 6  U P P E R ·  S c h e m a t i c  l a t e r a l  s e c t i o n  t h r o u g h  a  r e g i o n a l  i n f l a t i o n a r y  k o m a t i i t e  f l o w  f i e l d  d e v e l o p i n g  v i a  
s u s t a i n e d  e r u p t i o n  o f  l a v a ,  p o r t r a y i n g  p o s s i b l e  r e l a t i o n s h i p s  b e t w e e n  v a r i o u s  v o l c a n i c  f a c i e s ,  a n d  d e p i c t i n g  t h o s e  
e r u p t i v e  e n v i r o n m e n t s  ( W i t h  e x a m p l e s )  c o n d u c i v e  t o  t h e  f o r m a t i o n  o f  t y p e s  1  a n d  2  N i  d e p o s i t s .  
( A f t e r  H i l l  e t  a l . ,  1 9 9 5 . )  
L O W E R ·  V e r t i c a l  s e c t i o n s  t h r o u g h  t h e  r e g i o n a l  k o m a t i i t e  f l o w  f i e l d ,  i I I u s t r a t i o n g  t h e  v a r i o u s  v o l c a n i c  f a c i e s  
d e p i c t i n g  i n  t h e  u p p e r  f i g u r e ,  s h o w i n g  I i t h o l o g i c a l  a s s o c i a t i o n s  a n d  t h e  e n v i r o n m e n t s  o f  a c c u m u l a t i o n  o f  t y p e s  
1  a n d  2  N i  d e p o s i t s .  ( D o w l i n g  a n d  H i l l ,  A G S O  V o l u m e  1 7 ,  1 9 9 8 . )  
C r u s t  
R a d f a J  
c o o l i n g  
R a d i a l  c o o l i n g  
a n d  c r y s t a J l i z a t i o  
T h e r m a l  e r o s i o n , . . . - 7  
C o o l i n g  t h r o u g f l  r o o f  
C r y s t a n i z a t i o n  
1 · 2  k m  V a r t f c a / s c a f e  e n g g e r a t e d
I  
c : : : : J  L a v a  = = S h e  
o o e  ~oAC 
F i g u r e  1 . 7  C o n t i n u o u s  s h e e t  f l o w  w i t h  e r o s i o n a l  p a t h w a y s .  ( A f t e r  H i l l  e t  a l . ,  1 9 9 5 . )  
T Y P E  1  
B a s a l  a c c u l m u l a t i o n  o f  
m a s s i v e  a n d  m a t r i x  o r e s  
. . .
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P e r s e v e r a n c e  
T Y P E  2  
C e n t r a l  a c c u l m u l a t i o n  o f  
d i s s e m i n a t e d  o r e s  
. - . _ - - - . . _ - - _ . . . .  
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M o u n t  K e i t h  
F i g u r e  j . . 8  C l a s s i f i c a t i o n  m a t r i x  f o r  k o m a t i i t e - h o s t e d  N i  s u l p h i d e  d e p o s i t s .  ( A f t e r  H i l l  e t  a l .  1 9 9 9 . )  
1 . 5  G e n e s i s  a n d  V o l c a n o l o g i c a l  s e t t i n g  o f  N i c k e l  D e p o s i t s  
H i l l  &  G o l e  ( 1 9 9 0 )  a n d  L e s h e r  ( 1 9 8 9 )  c l a s s i f i e d  K o m a t i i t e - h o s t e d  n i c k e l  s u l p h i d e  o r e  b o d i e s  
i n t o  T y p e  1  o r  T y p e  2  o r e  b o d i e s .  T h i s  d i v i s i o n  w a s  b a s e d  o n  t h e  n a t u r e  o f  t h e  F e - N i - C u  
s u l p h i d e  o r e  a n d  i t s  d i s t r i b u t i o n  r e l a t i v e  t o  t h e  K o m a t i i t e  h o s t  ( H i l l ,  1 9 9 7 ) .  
T y p e  1  d e p o s i t s  c o m p r i s e d  a c c u m u l a t i o n s  o f  m a s s i v e  a n d / o r  m a t r i x  o r e  a t  t h e  b a s e  o f  
.  p r e f e r r e d  l a v a  p a t h w a y s  i n  K o m a t i i t e  f l o w  f i e l d s .  T y p e  2  d e p o s i t s  c o n s i s t e d  o f  
a c c u m u l a t i o n s  o f d i s s e m i n a t e d  s u l p h i d e i n  t h e  c e n t r a l  z o n e s  o f l a r g e  o l i v i n e  c u m u l a t e b o d i e s ,  
w h i c h  o c c u p i e d  p r e f e r r e d  l a v a  p a t h w a y s .  . T h e  c l a s s i f i c a t i o n  i s  b a s e d  o n  t h e  m o d e  o f  
e m p l a c e m e n t  o f  t h e  s u l p h i d e  l i q u i d  ( B a r n e s  e t  a l . ,  1 9 9 4 ;  H i l l  e t  a l . ,  1 9 9 6 ) .  A  c l a s s i f i c a t i o n  
m a t r i x  f o r  K o m a t i i t e - h o s t e d  n i c k e l  s u l p h i d e  d e p o s i t s  i l l u s t r a t i n g  t h e  p o s i t i o n  o f  t h e  S i l v e r  
S w a n  d e p o s i t ,  i s  p r o v i d e d  i n  F i g u r e  1 . 8 .  
1 . 6  G e o p h y s i c a l  L o g g i n g  
W h e r e a s  g e o p h y s i c a l  l o g g i n g  h a s  p l a y e d  a  c r i t i c a l  r o l e  i n  p e t r o l e u m  e x p l o r a t i o n  a n d  
p r o d u c t i o n ,  i t s  o v e r a l l  i m p a c t  o n  m e t a l l i f e r o u s  e x p l o r a t i o n  a n d  m i n i n g  h a s  b e e n  m i n o r .  
T h e  m o s t  c o m m o n  a p p l i c a t i o n  o f  b o r e h o l e  l o g g i n g  i n  m e t a l l i f e r o u s  m i n e s  i s  f o r  d e f i n i n g  t h e  
l i m i t s  o f m i n e r a l i s a t i o n .  T h e  o l d e s t  a p p l i c a t i o n  o f t h i s  c o n c e p t  i s  t h e  u s e  o f i n - h o l e  m a g n e t i c  
s u s c e p t i b i l i t y  t o  d e f i n e  o r e  l i m i t s  i n  m a g n e t i t e  m i n e s  ( V i r k k u n e n e  &  H a t t u l a ,  1 9 9 2 ) .  
G a m m a - g a m m a  l o g g i n g  w a s  a p p l i e d  t o  d e t e r m i n e  t i n  b o u n d a r i e s  a n d  g r a d e  i n  
C z e c h o s l o v a k i a n  m i n e s  i n  t h e  1 9 6 0 s  ( S i m o n ,  1 9 6 9 ) .  P e t r o p h y s i c a l  d e l i n e a t i o n  o f  m a s s i v e  
s u l p h i d e  z o n e s  i s  u s u a l l y  f e a s i b l e  g i v e n  t h e i r  e x t r e m e  e l e c t r i c a l  c o n d u c t i v i t y ,  h i g h  d e n s i t y ,  
n e g l i g i b l e  g a m m a  r a d i a t i o n ,  a n d  o f t e n - h i g h  m a g n e t i c  s u s c e p t i b i l i t y .  
T h e  g e o p h y s i c a l  d e f i n i t i o n  o f  m i n e r a l i s a t i o n  b o u n d a r i e s  c a n  b e  u n d e r t a k e n  d o w n  e i t h e r  
d i a m o n d  o r  p e r c u s s i o n  h o l e s .  H u g e  s a v i n g s  c a n  b e  m a d e  o v e r  t h e  l i f e  o f  a  m i n e ,  i f  a  l a r g e  
p r o p o r t i o n  o f  h o l e s  a r e  p e r c u s s i o n  d r i l l e d  a n d  g  e o p h y s i c a l l y  l o g g e d  r a t h e r  t h a n  d i a m o n d  
d r i l l e d  ( F a l l o n  e t  a I . ,  1 9 9 7 ) .  G e o p h y s i c a l  l o g g i n g  t e c h n i q u e s  c a n  a l s o ,  i n  s o m e  i n s t a n c e s ,  
s u b s t i t u t e  f o r  t h e  d e t a i l e d  g e o c h e m i c a 1 ,  s t r u c t u r a l  a n d  g e o t e c h n i c a l  a n a l y s i s  u n d e r t a k e n  o n  
s e l e c t e d  c o r e  s a m p l e s .  A d v a n t a g e s  o f b o r e h o l e  g e o p h y s i c a l  l o g g i n g  i n c l u d e  p r o v i s i o n  o f :  
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• 	  A  3 - d i m e n s i o n a l  p r o s p e c t i n g  m e t h o d  b y  i n c r e a s i n g  t h e  p r o s p e c t i v e  s e a r c h  r a d i u s  o f  
e a c h  d r i l l h o l e  ( O g i l v y ,  1 9 8 5 ) .  
• 	  I n f o r m a t i o n  o n  t h e  s p a t i a l  d i s t r i b u t i o n  o f  i n t e r s e c t e d  m i n e r a l i s a t i o n  a w a y  f r o m  t h e  
h o l e .  
• 	  B u l k  s a m p l i n g  o f  m i n e r a l i s e d  u n i t s  o f  i n t e r e s t ,  w h i c h  a r e  m o r e  r e p r e s e n t a t i v e  t h a n  
c o r e  a l o n e ,  e s p e c i a l l y  i n  g e o l o g i c a l l y  c o m p l e x  a r e a s .  
• 	  A c c u r a t e  d e f i n i t i o n s  o f i n - s i t u  e l e c t r i c a l  p r o p e r t i e s  o f h o s t  r o c k  a n d  m i n e r a l i s e d  u n i t s .  
T h i s  a l l o w s  t h e  p o s s i b i l i t y  o f  u s i n g  t h e s e  m e a s u r e m e n t s  t o  e s t i m a t e  s u l p h i d e  v o l u m e  
p e r c e n t a g e s  o r  e c o n o m i c  m e t a l  p e r c e n t a g e s  ( T y n e ,  1 9 8 7 ) .  
• 	  D e t e c t i o n  o f m i n e r a l i s a t i o n ,  w h i c h  c o u l d  b e  m i s s e d  i n  a r e a s  o f p o o r  c o r e  r e c o v e r y .  
• 	  L o c a t i o n  o f  w e a k l y  m i n e r a l i s e d  o r  a l t e r e d  z o n e s ,  n o t  a p p a r e n t  i n  d r i l l  c o r e ,  w h i c h  
m a y  i n d i c a t e  l a r g e r  m i n e r a l  c o n c e n t r a t i o n s  a w a y  f r o m  t h e  h o l e .  
• 	  L i t h o l o g i c a l !  a n d  s t r u c t u r a l  c o r r e l a t i o n s  b e t w e e n  b o r e h o l e s .  T h e s e  c a n  b e  u s e d  a s  
m a p p i n g  t o o l s  t o  a i d  i n  i n t e r p r e t a t i o n  o f  g e o l o g i c a l  s e t t i n g s ,  o r  i n  o u t l i n i n g  t h e  e x t e n t  
o f  a  d e p o s i t .  
• 	  I n f o r m a t i o n  o n  e n g i n e e r i n g  p r o p e r t i e s  o f  a  d e p o s i t  a n d  i t s  h o s t  r o c k s  t o  a i d  
g e o t e c h n i c a l  s t u d i e s .  
I n  t h e  K a m b a l d a  d i s t r i c t ,  W e s t e r n  M i n i n g  C o r p o r a t i o n  L t d  u s e  d o w n h o l e  a n d  u n d e r g r o u n d  .  
g e o p h y s i c a l  m e t h o d s  t o  a d d r e s s  d i f f i c u l t i e s  e n c o u n t e r e d  i n  K o m a t i i t e - h o s t e d  n i c k e l  s u l p h i d e  
e x p l o r a t i o n  ( T r e n c h  &  W i l l i a m s ,  1 9 9 4 ) .  S u c h  m e t h o d s  i n c l u d e :  
• 	  i s o l a t i n g  t h e  g e o p h y s i c a l  r e s p o n s e  o f  c l o s e l y  s p a c e d  o r e  l e n s e s ;  
• 	  d i s c r i m i n a t i n g  t h e  g e o p h y s i c a l  r e s p o n s e  o f o r e  f r o m  t h e  n e a r b y  c o u n t r y  r o c k ;  
• 	  e v a l u a t i n g  t h e  s u b - s u r f a c e  a n d  h o l e - t o - h o l e  c o n t i n u i t y  o f o r e  s h o o t s ;  
• 	  e l u c i d a t i n g  s u b - s u r f a c e  s t r u c t u r e  b y  d e t e r m i n a t i o n  o f  f a u l t  d i s p l a c e m e n t s ;  a n d ,  
• 	  p r o v i d i n g  p h y s i c a l  p r o p e r t y  i n f o r m a t i o n  ( t y p i c a l l y  m a g n e t i c  s u s c e p t i b i l i t y ,  n a t u r a l  
g a m m a ,  a p p a r e n t  c o n d u c t i v i t y ,  a n d  d e n s i t y )  i n  o r d e r  t o  c o r r e c t l y  i n t e r p r e t  s u r f a c e  
g e o p h y s i c a l  r e s p o n s e s .  
1 . 6 . 1  O M S  - L O G G  
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O u t o k u m p u  O y  i n  F i n l a n d  r e c o g n i s e d  t h e  p o t e n t i a l  o f  l o g g i n g  i n  t h e  b a s e - m e t a l  m i n i n g  
c o n t e x t  a n d  d e v e l o p e d  a  l o g g i n g  s y s t e m ,  O M S - L O G G ,  e s p e c i a l l y  a d a p t e d  f o r  u n d e r g r o u n d  
m i n i n g  i n  t h e  1 9 8 0 ' s  ( L a p p a l a i n e n  &  L e h t o ,  1 9 9 5 ) .  O M S - L O G G  i s  a  p r o p r i e t a r y  b u t  
c o m m e r c i a l l y  a v a i l a b l e  s y s t e m .  
1 . 7  B l a c k  S w a n  P r o j e c t  
T h e  f o l l o w i n g  c h a p t e r s  o u t l i n e  t h e  e v a l u a t i o n  o f t h e  B l a c k  S w a n  P r o j e c t  i n  t e r m s  o f :  
• 	  r e v i e w s o f t h e r e g i o n a l a n d l o c a l g e o l o g y  o f t h e B l a c k S w a n S u c c e s s i o n ;  
• 	  a n  e s t i m a t i o n  o f  t h e  p e t r o p h y s i c a l  p r o p e r t i e s  o f  r o c k  f a c i e s  ( t r o u g h  v e r s u s  f l a n k )  w i t h i n  
t h e  S u c c e s s i o n ;  a n d ,  
• 	  a n  a s s e s s m e n t  o f t h e  r e l a t i o n s h i p  b e t w e e n  t h e  p e t r o p h y s i c s  a n d  p e t r o l o g y  a n d  m i n e r a l o g y  
o f  s e l e c t e d  i n t e r v a l s  w i t h i n  t h e  S u c c e s s i o n  i n  a n  a t t e m p t  t o  e s t a b l i s h  o r e  v e c t o r s .  
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2 . 0  P R O J E C T  B A C K G R O U N D  
T h e  B l a c k  S w a n  P r o j e c t  a r e a  h a s  h a d  a  l o n g  e x p l o r a t i o n  h i s t o r y ,  w i t h  t h e  r e g i o n  h a v i n g  
b e e n  e x p l o r e d  f o r  v a r i o u s  c o m m o d i t i e s  i n c l u d i n g  n i c k e l ,  g o l d  a n d  d i a m o n d s .  
D u r i n g  1 9 6 7 ,  A u s t r a l i a n  A n g l o  A m e r i c a n  ( A A A ) ,  a s  p a r t  o f  a  j o i n t  v e n t u r e  w i t h  W h i m  
C r e e k  C o n s o l i d a t e d  N L  a n d  F r e e p o r t  o f  A u s t r a l i a  I n c o r p o r a t e d ,  t a r g e t e d  t h e  a r e a  f o r  
n i c k e l  s u l p h i d e  m i n e r a l i s a t i o n .  I n i t i a l  w o r k  c o m p r i s e d  t h e  u s e  o f  a e r o m a g n e t i c  i m a g e s  t o  
i d e n t i f y  m a g n e t i c  h i g h s ,  w h i c h  c o u l d  r e p r e s e n t  u l t r a m a f i c  b o d i e s  h o s t i n g  n i c k e l  
s u l p h i d e s .  S o i l  s a m p l i n g  o u t l i n e d  a  n i c k e l  c o p p e r  g e o c h e m i c a l  a n o m a l y .  F u r t h e r  
s a m p l i n g  a n d  s u b s e q u e n t  d i a m o n d  d r i l l i n g  o f  t h i s  s o i l  a n o m a l y  l e d  t o  t h e  d i s c o v e r y  o f  t h e  
B l a c k  S w a n  d i s s e m i n a t e d  n i c k e l  s u l p h i d e  d e p o s i t  i n  1 9 7 0 .  T h e  d e p o s i t  w a s  c a l c u l a t e d  t o  
h a v e  a  g e o l o g i c a l  r e s o u r c e  o f  3 . 5  m i l l i o n  t o n n e s  a t  0 . 8 5 %  N i .  T h i s  w a s  n o t  c o n s i d e r e d  
e c o n o m i c .  
E x p l o r a t i o n  c o n t i n u e d  i n  t h e  a r e a  a n d  d u r i n g  1 9 7 4 ,  A A A  d r i l l e d  t h r e e  d i a m o n d  h o l e s  
n o r t h  o f  t h e  B l a c k  S w a n  d i s s e m i n a t e d  d e p o s i t ,  o n e  o f  w h i c h  i n t e r s e c t e d  1 7 . 9 m  o f  
d i s s e m i n a t e d  n i c k e l  m i n e r a l i s a t i o n  g r a d i n g  2 . 1 7 %  N i .  H o w e v e r ,  d u e  t o  a  d o w n t u r n  i n  t h e  
m i n i n g  i n d u s t r y ,  t h i s  p r o m i s i n g  i n t e r c e p t  w a s  n o t  f o l l o w e d  u p .  
I n  1 9 9 4 ,  t h e  B l a c k  S w a n  a r e a  w a s  s e l e c t e d  b y  F o d i n a  M i n e r a l s  P t y  L t d  ( a  w h o l l y  o w n e d  
s u b s i d i a r y  o f  M i n i n g  P r o j e c t  I n v e s t o r s  ( M P ! ) ) ,  i n  j o i n t  v e n t u r e  w i t h  O u t o k u m p u  
E x p l o r a t i o n  V e n t u r e s  P t y  L t d  ( O E V ) ,  a s  a n  e x p l o r a t i o n  t a r g e t  o n  t h e  b a s i s  o f  a  
d i s s e m i n a t e d  s u l p h i d e  i n t e r c e p t  l o c a t e d  n o r t h  o f  B l a c k  S w a n .  T h e  p r o j e c t  w a s  m a n a g e d  
b y  M P ! .  I n  M a y  1 9 9 5 ,  d i a m o n d  h o l e  B S D  1 5 ,  w h i c h  w a s  s i t e d  t o  f o l l o w  u p  t h e  
a n o m a l o u s  A A A  d r i l l  i n t e r c e p t  n o r t h  o f  B l a c k  S w a n ,  i n t e r s e c t e d  2 . 4 5 m  o f  m a s s i v e  n i c k e l  
s u l p h i d e s  g r a d i n g  1 6 . 7 %  N i .  
T h e  S i l v e r  S w a n  d e p o s i t  w a s  o u t l i n e d  b y  N o v e m b e r  1 9 9 5  a n d  h a d  a n  I n d i c a t e d  M i n e r a l  
R e s o u r c e  o f  4 4 0 , 0 0 0 t  a t  1 4 %  n i c k e l  w i t h  m i n o r  a s s o c i a t e d  c o p p e r ,  c o b a l t  a n d  a r s e n i c  
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m i n e r a l i s a t i o n .  C o m m e r c i a l  p r o d u c t i o n  a t  S i l v e r  S w a n  b e g a n  i n  A p r i l  1 9 9 7 ,  w i t h  f u t u r e  
.  d e v e l o p m e n t  p r o p o s e d  f o r  C y g n e t  ( H i c k s  &  B a l f e ,  1 9 9 8 ) .  
T h e  M P I  i n t e r e s t  w a s  s o l d  i n  1 9 9 8  l e a v i n g  O u t o k u m p u  a s  1 0 0 %  o w n e r s .  I n  A u g u s t  2 0 0 2  
O u t o k u m p u  r e s o l d  t h e  m i n e  t o  M P ! .  T o t a l  p r o d u c t i o n  s i n c e  p r o j e c t  c o m m e n c e m e n t  i s  
7 8 , 6 0 0  t o n n e s  o f  n i c k e l  m e t a l  a s  a t  M a r c h  2 0 0 2 .  O r e  r e s e r v e s  c a l c u l a t e d  i n  D e c e m b e r  
2 0 0 1  w e r e  a t  3 5 0 , 0 0 0  t o n n e s  o f  m a s s i v e  s u l p h i d e  a t  6 . 8 %  N i  a n d  1 9 0 , 0 0 0  t o n n e s  o f  
d i s s e m i n a t e d  s u l p h i d e  a t  2 . 6 %  N i .  
2 . 1  R e g i o n a l  G e o l o g y  
T h e  B l a c k  S w a n  P r o j e c t  i s  l o c a t e d  w i t h i n  t h e  N o r s e m a n - W i l u n a  g r e e n s t o n e  b e l t ,  i n  t h e  
E a s t e r n  G o l d f i e l d s  P r o v i n c e  o f  t h e  A r c h a e a n  Y i l g a r n  C r a t o n  ( F i g u r e  2 . 1 ) .  T h e  
g r e e n s t o n e  b e l t  e x t e n d s  f o r  9 0 0 k m ,  i s  4 0 0 k m  w i d e ,  a n d  c o m p r i s e s  b o t h  m a f i c  a n d  f e l s i c  
v o l c a n o - s e d i m e n t a r y  s u c c e s s i o n s  a n d  i n t r u s i v e  r o c k s .  T h e  g r e e n s t o n e  h a s  b e e n  
m e t a m o r p h o s e d  t o  g r e e n s c h i s t  t o  a m p h i b o l i t e  f a c i e s  g r a d e .  T h e  s u c c e s s i o n s  w e r e  
d e p o s i t e d  b e t w e e n  2 . 7  a n d  2 . 6 9  G a  o n  a  c o m p o s i t e  r a f t  c o n s i s t i n g  o f  n u m e r o u s  f r a g m e n t s  
o f  s i a l i c  c r u s t  ( A r c h i b a l d  e t  a / . ,  1 9 8 1 ;  S w a g e r  e t  a / . ,  1 9 9 2 ;  M y e r s ,  1 9 9 7 ) .  
T h e  E a s t e r n  G o l d f i e l d s  P r o v i n c e  h a s  b e e n  s e p a r a t e d  i n t o  f i v e  m a j o r  f a u l t  b o u n d e d  
t e r r a n e s  ( F i g u r e  2 . 2 ) ,  w h i c h  h a v e  b e e n  i n t e r p r e t e d  a s  r e p r e s e n t i n g  c o n t e m p o r a n e o u s  
b a s i n s  ( M y e r s ,  1 9 9 7 ) .  T h e  K a l g o o r l i e  T e r r a n e  i s  h o s t  t o  t h e  B l a c k  S w a n  S u c c e s s i o n .  I t  
i s  s e p a r a t e d  f r o m  a d j a c e n t  t e r r a n e s  t o  t h e  w e s t  b y  t h e  I d a  F a u l t ,  a n d  t o  t h e  e a s t ,  i s  
b o u n d e d  b y  t h e  M o r i a t y  S h e a r  - M o u n t  M o n g e r  F a u l t  s y s t e m  a n d  M e n z i e s  S h e a r .  
T h e  s t r a t i g r a p h y  o f  t h e  K a l g o o r l i e  T e r r a n e  c o n s i s t s  o f  a  l o w e r  b a s a l t  f a c i e s ,  t h e n  a  
K o m a t i i t e  f a c i e s ,  o v e r l a i n  b y  a n  u p p e r  b a s a l t  f a c i e s ,  s u c c e e d e d  b y  a n  o v e r l y i n g  f e l s i c  
v o l c a n i c  a n d  v o l c a n i c l a s t i c  r o c k s ,  a n d  f i n a l l y  a n  o v e r l y i n g  p o l y m i c t i c  c o n g l o m e r a t e  u n i t  
( S w a g e r ,  1 9 9 7 ) .  
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T h e  B l a c k  S w a n  S u c c e s s i o n  i s  d e v e l o p e d  w i t h i n  t h e  B o o r a r a  D o m a i n  o f  S w a g e r  e t  a l .  
( 1 9 9 2 ) .  W i t h i n  t h e  D o m a i n ,  t h e  b a s a l  u n i t  i s  t h e  S c o t i a  B a s a l t ,  w h i c h  d i s p l a y s  a  c h a n g e  
i n  v o l c a n i c  c h a r a c t e r  f r o m  h i g h - M g  t o  t h o l e i i t i c  b a s a l t  c o m p o s i t i o n  a n d  i s  b e l i e v e d  t o  
h a v e  f o r m e d  f r o m  a s t h e n o s p h e r i c  m a n t l e  m e l t s  ( N e s t  &  S u n ,  1 9 7 6 ;  S w a g e r  e t  a l . ,  1 9 9 2 ) .  
T h e  H i g h w a y  U l t r a m a f i c ,  a  s e q u e n c e  o f  K o m a t i i t e  f l o w s ,  o v e r l i e s  t h e  S c o t i a  B a s a l t .  
F i n e - g r a i n e d  i n t e r f l o w  s u l p h i d i c  g r e y  s h a l e s  a n d  c h e r t s  o c c u r  i n  b o t h  t h e  m a f i c  a n d  
u l t r a m a f i c  u n i t s .  A  v o l c a n o - s e d i m e n t a r y  r o c k  s u c c e s s i o n  o v e r l i e s  t h e  H i g h w a y  
U l t r a m a f i c ,  a n d  i s  d o m i n a t e d  b y  s u b a q u e o u s  d a c i t i c - r h y o l i t i c  l a v a  f l o w s ,  s u b a q u e o u s  t o  
s u b a e r i a l  a n d e s i t i c  t u f f s ,  a n d  a g g l o m e r a t e s  ( S w a g e r  e t  a l . ,  1 9 9 2 ;  S w a g e r ,  1 9 9 7 ) .  T h e  
B l a c k  S w a n  S u c c e s s i o n  i s  o n e  o f  s e v e r a l  l a v a  f l o w s  o f  b a s a l t i c  t o  u l t r a m a f i c  c o m p o s i t i o n  
i n t e r c a l a t e d  i n  t h i s  p r e d o m i n a n t l y  a l k a l i n e  p a c k a g e .  
T h e  B l a c k  S w a n  S u c c e s s i o n  c o m p r i s e s :  
• 	  a  f o o t w a l l  f e l s i c  v o l c a n i c  u n i t  c o n s i s t i n g  o f  a  f e l s i c  p o r p h y r y  a n d  a  f e l s i c  d e b r i s  f l o w  
b r e c c i a ;  
• 	  a n  i n t e r n a l  f e l s i c  v o l c a n i c  s e q u e n c e  c o n s i s t i n g  o f  s e v e r a l  d e b r i s  f l o w s  a n d  a n  
i n t r u s i v e  p o r p h y r y ,  d e p o s i t e d  c o n t e m p o r a n e o u s l y  w i t h  K o m a t i i t e  v o l c a n i s m ;  a n d ,  
• 	  a  h a n g i n g  w a l l  u l t r a m a f i c  v o l c a n i c  p a c k a g e ,  r e p r e s e n t e d  b y  m i n o r  r a p i d ,  t u r b u l e n t  
l a v a  f l o w s .  
T h e  K o m a t i i t e  f l o w s  h a v e  a  s t r i k e  l e n g t h  o f  a t  l e a s t  3 k m  a n d  a t t a i n  a  m a x i m u m  t h i c k n e s s  
o f  6 0 0 m  ( T u m b u l l ,  1 9 9 7 ) .  T h e  K o m a t i i t e  h a s  b e e n  s u b j e c t e d  t o  i n t e n s e  c a r b o n a t i o n ,  
w h i c h  h a s  a l t e r e d  t h e  p r i m a r y  v  o l c a n i c  a s s e m b l a g e  t o  a  c a r b o n a t e - t a l C ± q u a r t z - s e r i c i t e  
a s s e m b l a g e  ( H i l l  e t  a I ,  1 9 9 9 ) .  
2 . 1 . 1  S t r u c t u r e  
T h e  r e g i o n a l  d e f o r m a t i o n  h i s t o r y  i n v o l v e s  e a r l y  D 1  r e c u m b e n t  f o l d i n g  a n d  t h r u s t i n g  
f o l l o w e d  b y  a  t r a n s c o m p r e s s i o n a l  r e g i m e  w i t h  l a r g e - s c a l e ,  u p r i g h t  D 2  f o l d i n g .  F o l l o w i n g  
t h i s  w a s  a  p e r i o d  o f  t r a n s c u r r e n t  D 3  f a u l t i n g  w i t h  a s s o c i a t e d  e n - e c h e l o n  f o l d i n g  a n d  
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g r a n i t o i d  e m p l a c e m e n t .  T h e  f i n a l  d e f o r m a t i o n  r e s u l t e d  i n  c o n t i n u e d  r e g i o n a l  D 4  
s h o r t e n i n g  ( S w a g e r ,  1 9 8 9 ;  S w a g e r  &  G r i f f i n ,  1 9 9 0 a ;  S w a g e r  e t  a l . ,  1 9 9 0 ) .  U p p e r  
g r e e n s c h i s t  t o  l o w e r  a m p h i b o l i t e  f a c i e s  m e t a m o r p h i s m  i s  d o m i n a n t  i n  t h e  B o o r a r a  
D o m a i n ,  w i t h  e x t e n s i v e  c a r b o n a t i o n  a n d  h y d r a t i o n  o c c u r r i n g  a l o n g  m a j o r  f a u l t  s y s t e m s  
( S w a g e r  e t  a l . ,  1 9 9 5 ) .  
2 . 1 . 2  M e t a m o r p h i s m  
T h e  m e t a m o r p h i c  g r a d e  o f  t h e  B o o r a r a  D o m a i n  h a s  b e e n  c o n s t r a i n e d  t o  b e  w i t h i n  t h e  
u p p e r  g r e e n s c h i s t  t o  l o w e r  a m p h i b o l i t e  f a c i e s  ( B i n n s  e t  a l . ,  1 9 7 6 ;  G r i f f m ,  1 9 9 0 a ;  S w a g e r  
e t  a / . ,  1 9 9 0 ;  W i t t  i n  p r e p . ) .  R e g i o n a l  m e t a m o r p h i s m  i s  c h a r a c t e r i s e d  b y  l o w  t o  
i n t e r m e d i a t e  p r e s s u r e s  a n d  r e a c h e d  p e a k  t e m p e r a t u r e s  l a t e  d u r i n g  D 2 - D 3  
t r a n s c o m p r e s s i o n a l  d e f o r m a t i o n ,  c o n t e m p o r a n e o u s l y  w i t h  s y n - D 3  g r a n i t o i d  e m p l a c e m e n t  
( S w a g e r  e t  a / . ,  1 9 9 0 ) .  E x t e n s i v e  c a r b o n a t i o n  a n d  h y d r a t i o n  o c c u r r e d  a l o n g  a n d  a d j a c e n t  
t o  m a j o r  f a u l t  s y s t e m s  a n d  c o n t i n u e d  d u r i n g  r e g i o n a l  m e t a m o r p h i s m  ( S w a g e r  e t  a l . ,  
1 9 9 0 ) .  G o l d  m i n e r a l i s a t i o n  i n  t h e  r e g i o n  i s  b r o a d l y  c o n t e m p o r a n e o u s  w i t h  p e a k  r e g i o n a l  
m e t a m o r p h i s m ,  a n d  a s s o c i a t e d  a l t e r a t i o n  a s s e m b l a g e s  c o r r e l a t e  b r o a d l y  w i t h  r e g i o n a l  
m e t a m o r p h i c  g r a d e  ( S w a g e r  e t  a / . ,  1 9 9 0 ) .  
T h e  g r e e n s t o n e s  i n  t h e  K a l g o o r l i e  T e r r a n e  w e r e  e m p l a c e d  a r o u n d  2 . 7  G a  w i t h  t h e  m a i n  
p e r i o d  o f  d e f o r m a t i o n  ( M c N a u g h t o n  &  D a h l ,  1 9 8 7 ;  B r o w n i n g  e t  a / . ,  1 9 8 7 ;  B a r l e y  &  
M c N a u g h t o n ,  1 9 8 8 ;  F o s t e r  e t  a l . ,  1 9 9 6 ) ,  g r a n i t e  i n t r u s i o n ,  m e t a m o r p h i s m ,  a n d  e p i g e n e t i c  
g o l d  m i n e r a l i s a t i o n  b e t w e e n  2 . 6 6  a n d  2 . 6 4  G a  ( S w a g e r  e t  a l . ,  1 9 9 0 ) .  
2 . 2  G e o l o g y  o f  t h e  B S S  
T h e  B l a c k  S w a n  S u c c e s s i o n  ( B S S )  i s  a  p o o r l y  e x p o s e d ,  N N W - t r e n d i n g ,  v a r i a b l e  t o  
s t e e p l y  e a s t e r l y - d i p p i n g  b o d y  o f  p r e d o m i n a n t l y  t a l c - c a r b o n a t e  r o c k  w i t h  m i n o r  
s e r p e n t i n i t e .  T h e  K o m a t i i t e  l a v a  i s  i n t e r p r e t e d  t o  h a v e  e r u p t e d  o n t o  a  s u b s t r a t e  c o n s i s t i n g  
o f  c o h e r e n t  a n d  b r e c c i a t e d  d a c i t i c  l a v a s  ( M c P h e e ,  1 9 9 8 ;  T u r n b u l l ,  1 9 9 7 ) .  T h e  B S S  i s  
b e t w e e n  1 5 0 - 6 0 O m  w i d e  a n d  h a s  a  s t r i k e  l e n g t h  o f  a p p r o x i m a t e l y  3 k m .  W e a t h e r i n g  
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d e p t h s  v a r i e d  f r o m  a p p r o x i m a t e l y  4 0 m  o v e r  t h e  f e l s i c  f o o t w a l l  r o c k s ,  t o  o v e r  Z O O m  i n  
l o c a l i s e d  s h o o t s  w i t h i n  t h e  B S S  ( A m a n n  &  P i e t i l a ,  1 9 9 8 ) .  
T h e  B l a c k  S w a n  S u c c e s s i o n  i s  a  s e q u e n c e  o f c o e v a l  k o m a t i i t i c  a n d  f e l s i c  v o l c a n i c  r o c k s .  H i l l  
e t  a l .  ( 1 9 9 9 )  d e f m e d  a  t o t a l  o f  n i n e  l i t h o s t r a t i g r a p h i c  u n i t s  a n d  v o l c a n i c  z o n e s  w i t h i n  t h e  
B S S .  F i g u r e  2 . 3  i s  a n  o u t c r o p  p l a n  o f  t h e  B l a c k  S w a n  P r o j e c t ,  a n d  s h o w s  t h e  i n t e r p r e t e d  
b o u n d a r y  o f  t h e  u l t r a m a f i c  u n i t  a s  d e f i n e d  b y  M i n i n g  P r o j e c t  I n v e s t o r s  P t y  L t d .  F i g u r e  2 . 4  i s  
a n  a n n o t a t e d  l e v e l  p l a n  t a k e n  f r o m  H i l l  e t  a l .  ( 1 9 9 9 )  o v e r l a i n  b y  t h e  b y  t h e  n i n e  z o n e s  ( f i g u r e  
2 . 5 ,  r e f e r  t o  A p p e n d i x  2  f o r  l e g e n d ) .  T h e  p l a n  t h a t  w a s  c o m p i l e d  f r o m  d i a m o n d  d r i l l h o l e  a n d  
o u t c r o p  g e o l o g y  a n d  d e p i c t s  t h e  g e o l o g i c a l  r e l a t i o n s h i p s  b e t w e e n  t h e  v a r i o u s  s u b u n i t s  
i d e n t i f i e d  b y  H i l l  e t  a l .  ( 1 9 9 9 ) .  
H i l l  e t  a l .  ( 1 9 9 9 )  i n t e r p r e t  t h e  n o r t h e r n  L a v a  P a t h w a y  t o  r e p r e s e n t  a  l o n g - l i v e d  l a v a  
p a t h w a y  t h a t  i s  n o w  i n f i l l e d  b y  a  v a r i e t y  o f b a r r e n  o l i v i n e  c u m u l a t e s .  
L o w e r  U l t r a m a f i c  U n i t ,  i s  s u b d i v i d e d  b y  H i l l  e t  a l .  ( 1 9 9 9 )  i n t o  t h e  S o u t h e r n  a n d  N o r t h e r n  
S e c t o r .  T h e  S o u t h e r n  S e c t o r  h o s t s  t h e  k n o w n  m a s s i v e  s u l p h i d e  d e p o s i t s  e x c e p t  f o r  
1 1 , 2 0 0 m N  a n d  o v e r l i e s  t h e  F e l s i c  F o o t w a l l  u n i t  w i t h  t h e  b a s a l  c o n t a c t  b e i n g  e r o s i o n a l  i n  
n a t u r e .  T h i s  S e c t o r  i s  c h a r a c t e r i s e d  b y  a n  u p p e r  s e c t i o n  d o m i n a t e d  b y  b i m o d a l  t e x t u r e d  
o l i v i n e  o r t h o c u m u l a t e s / m e s o c u m u l a t e s  a n d  i n t e r n a l  s a g o  a n d  h a r r i s i t i c  o l i v i n e  c u m u l a t e s .  
T h e  l o w e r  s e c t i o n  c o n s i s t s  o f  a  t h i n  c o m p l e x  z o n e  o f h y b r i d  m e l t s  a n d  c o n t a m i n a t e d  p l a t y  
o l i v i n e  c u m u l a t e s .  L a t e r a l l y  r e s t r i c t e d  t h i n  c o n t a m i n a t e d  o l i v i n e  a n d  p y r o x e n e  s p i n i f e x ­
t e x t u r e d  f l o w s  a r e  a l s o  p r e s e n t  ( H i l l  e t  a I . ,  1 9 9 9 ) .  T h e  S o u t h e r n  s e c t o r  i s  i n t e r p r e t e d  b y  
H i l l  e t  a l .  (  1 9 9 9 )  t o  r e p r e s e n t  a  n e t w o r k  0  f  0  l i v i n e  f i l l e d  0  v e r l a p p i n g  l a v a  t u b e s  a n d  
b r e a c h e d  l a v a  p a t h w a y s .  T h e  N o r t h e r n  S e c t o r  c o n s i s t s  m a i n l y  o f  b a r r e n  o l i v i n e  
o r t h o c u m u l a t e s / m e s o c u m u l a t e s .  
2 8  
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S e : : l l e :  1  :  1 0 , 0 0 0  
- - ,  
T h e  U p p e r  U l t r a m a f i c  U n i t  i s  s i t u a t e d  o n  t h e  n o r t h e r n  f l a n k  o f  t h e  B l a c k  S w a n  L a v a  
P a t h w a y  a n d  o v e r l i e s  t h e  L o w e r  U l t r a m a f i c  U n i t  ( H i l l  e t  a l . ,  1 9 9 9 ) .  T h e  U n i t  p r i m a r i l y  
c o n s i s t s  o f  u p  t o  6 0 m  t h i c k  i n d i v i d u a l  f l o w  u n i t s  a n d  a  m i n o r i t y  o f  c o m p o u n d  f l o w s ,  
l a r g e l y  c o m p o s e d  o f  o l i v i n e  c u m u l a t e  ( H i l l  e t  a I . ,  1 9 9 0 ) .  T h e  U n i t  i n t e r d i g i t a t e s  w i t h  
c o e v a l  f e l s i c  v o l c a n i c  f l o w s  o f  t h e  U p p e r  F e 1 s i c  U n i t s  I  a n d  1 1  ( H i l l  e t  a I . ,  1 9 9 9 ) .  
T h e  B l a c k  S w a n  L a v a  P a t h w a y  i s  l o c a t e d  n e a r  t h e  s o u t h e r n  e n d  o f  t h e  B l a c k  S w a n  
S u c c e s s i o n  a n d  i s  d e s c r i b e d  b y  H i l l  e t  a l .  ( 1 9 9 9 )  a s  a  l a v a  c o n d u i t ,  3 4 0 m  b y  > 4 5 0 m  t h i c k ,  
i n f i l l e d  w i t h  a  v a r i e t y  o f  m e d i u m - t o  c o a r s e - g r a i n e d  o l i v i n e  c u m u l a t e s  d i s p l a y i n g  a  
v a r i e t y  o f  t e x t u r e s  i n c l u d i n g  b i m o d a l ,  h o p p e r ,  p l a t y ,  h a r r i s i t i c ,  a n d  e q u i g r a n u l a r  t e x t u r e s  
( H i l l  e t  a l . ,  1 9 9 9 ) . .  T h e  B l a c k  S w a n  L a v a  P a t h w a y  i s  h o s t  t o  t h e  B l a c k  S w a n  
d i s s e m i n a t e d  s u l p h i d e  o r e b o d y .  
T h e  S o u t h e r n  F l a n k i n g  Z o n e  i  s  l o c a t e d  a t  t  h e  s o u t h e r n  b o u n d a r y  0  f  t h e  B l  a c k  S w a n  
S u c c e s s i o n  a n d  c o n s i s t s  o f  a  s e r i e s  o f  c o e v a l  f e l s i c  a n d  u l t r a m a f i c  l a v a s  c o m p o s e d  o f  a  
s e r i e s  o f  t h i n  ( 2 - 2 0 m )  p r e d o m i n a n t l y  o l i v i n e  s p i n i f e x  t e x t u r e d  f l o w s  a n d  m i n o r  p y r o x e n e ­
s p i n i f e x  t e x t u r e d  f l o w s ,  w h i c h  i n t e r s p e r s e  w i t h  f e l s i c  f r a g m e n t a l s  ( H i l l  e t  a I . ,  1 9 9 9 ) .  
T h e  F e l s i c  F o o t w a l l  U n i t  i s  c o m p r i s e d  o f  p l a g i o c l a s e  d a c i t e  l i t h o l o g i e s  a n d  f o r m s  t h e  
u n d u l a t i n g  b a s e  o f  t h e  B l a c k  S w a n  S u c c e s s i o n  ( H i l l  e t  a I . ,  1 9 9 9 ) .  M o n o m i c t i c  
v o l c a n i c l a s t i c  l i t h i c  b r e c c i a s  d o m i n a t e  t h e  s e q u e n c e  a n d  a r e  f o u n d  i n  c l o s e  c o n n e c t i o n  
w i t h  c o h e r e n t  l a v a  i n t e r v a l s  ( H i l l  e t  a l . ,  1 9 9 9 ) .  H i l l  e t  a l .  ( 1 9 9 9 )  s u g g e s t s  t h e  l i t h o f a c i e s  
a s s o c i a t i o n  i s  c o h e r e n t  l a v a ,  c o n t a i n i n g  t h i n  a u t o c l a s t i c  h o r i z o n s ,  e n v e l o p e d  b y  w e l d e d  
b r e c c i a .  
U p p e r  F e l s i c  U n i t  I  a n d  U p p e r  F e l s i c  U n i t  1 1  o c c u r  s t r a t i g r a p h i c a l l y  h i g h e r  i n  t h e  
s e q u e n c e  a n d  a r e  d o m i n a t e d  b y  p l a g i o c l a s e - q u a r t z  d a c i t e  l i t h o l o g i e s .  T h e y  o v e r l i e  t h e  
L o w e r  U l t r a m a f i c  U n i t  a n d  a r e  i n t e r c a l a t e d  w i t h  t h e  U p p e r  U l t r a m a f i c  U n i t .  T h e  U p p e r  
3 2  
F e l s i c  U n i t  1  c o n s i s t s  p r e d o m i n a n t l y  o f  a u t o c l a s t i c  f a c i e s  m e g a c r y s t i c  p l a g i o c l a s e - q u a r t z  
d a c i t e  l i t h o l o g i e s  a n d  l i e s  c o n f o n n a b l y  o n  t h e  L o w e r  U l t r a m a f i c  U n i t .  T h e  U p p e r  F e l s i c  
U n i t  I T  c a p s  U n i t  1  a n d  i n  c o n t r a s t  i s  d e v o i d  o f  f e l d s p a r  m e g a c r y s t s  ( H i l l  e t  a I . ,  1 9 9 9 ) .  
2 . 2 . 1  M e t a m o r p h i s m  
R e g i o n a l  C O
2  
i n f i l t r a t i o n  i s  a  c o m m o n  f e a t u r e  i n  t h e  E a s t e r n  G o l d f i e l d s  t e r r a i n s  o f  t h e  
Y i l g a m  B l o c k ,  w h e r e  i t  i s  i n t i m a t e l y  a s s o c i a t e d  w i t h  g o l d  m i n e r a l i s a t i o n  ( G r o v e s  e t  a l . ,  
1 9 8 9 ) .  T h e  C O
2  
i n c u r s i o n  h a s  r e s u l t e d  i n  a  v e r y  w i d e s p r e a d  t r a n s f o n n a t i o n  o f K o m a t i i t e s  
i n  t h e  E a s t e r n  G o l d f i e l d s  t o  t a l c - c a r b o n a t e  r o c k s ,  i n c l u d i n g  w i t h i n  t h e  B l a c k  S w a n  
P r o j e c t .  
T h e  d o m i n a n t  i n f l u e n c e  o n  t h e  p r e s e n t  m i n e r a l o g y  a n d  t e x t u r e  o f  t h e  B S S  i s  t h e  r e g i o n a l  
m e t a m o r p h i c  e v e n t ,  c h a r a c t e r i s e d  b y  h i g h e r  t e m p e r a t u r e ,  c o m m o n l y  g r e e n s c h i s t - t o  
a m p h i b o l i t e - f a c i e s ,  d y n a m i c  m e t a m o r p h i s m  i n  t h e  p r e s e n c e  o f  C 0 2 - b e a r i n g  f l u i d s .  
P r o g r e s s i v e  s e r p e n t i n i s a t i o n  a n d  c a r b o n a t i o n  o f  t h e  B S S  r e s u l t e d .  T h e  m i n e r a l s  p r e s e n t  
a r e  t a l c ,  c a r b o n a t e  ( m a g n e s i t e  a n d  d o l o m i t e ) ,  c h l o r i t e ,  q u a r t z  a n d  s e r p e n t i n e  ( l i z a r d i t e  a n d  
a n t i g o r i t e ) .  
T h e  B l a c k  S w a n  m e t a m o r p h i c  c o n d i t i o n s  a r e  p l o t t e d  o n  F i g u r e  2 . 6 .  A t  p r e s s u r e s  b e t w e e n  
2 - 4 K B ,  t h e  p e a k :  m e t a m o r p h i c  t e m p e r a t u r e  h a s  b e e n  c o n s t r a i n e d  t o  b e t w e e n  3 0 0 - 3 5 0
o
C  
( H i l l  e t  a I . ,  1 9 9 9 ) .  F i g u r e  2 . 7  i s  a n  e n l a r g e m e n t  o f  t h e  p h a s e  r e l a t i o n s  i n  t h e  l o w e r  l e f t  
h a n d  c o r n e r  o f  F i g u r e  2 . 6  s h o w i n g  t h e  s t a b l e  m i n e r a l o g i c a l  a s s e m b l a g e s  a s  f u n c t i o n s  o f  
t e m p e r a t u r e  a n d  C O
2
c o n t e n t o f t h e m e t a m o r p h i c  f l u i d .  
2 . 2 . 2  M i n e r a l o g y  
T h e  p r e s e n t  m i n e r a l o g y  o f  t h e  s u c c e s s i o n  r e p r e s e n t s  t h e  m e t a m o r p h i c  h i s t o r y  a n d  n o t  
n e c e s s a r i l y  t h e  p r i m a r y  m i n e r a l o g y  o f  t h e  r o c k  u n i t s .  T h i s  i n  t u r n  i s  i n f l u e n c e d  b y  
p r e s s u r e  /  t e m p e r a t u r e  c o n d i t i o n s ,  o r i g i n a l  b u l k  c o m p o s i t i o n  a n d  f l u i d  r o c k  r a t i o .  I n  t h e s e  
3 3  
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F i g u r e  A~G T - X C 0 2  p h a s e  d i a g r a m  f o r  o l i v i n e  r i c h  u l t r a m a f i c  a s s e m b l a g e s  i n  t h e  p r e s e n c e  o f  v a p o u r  
a t  2  K B  t o t a l  p r e s s u r e .  ( A f t e r  B a m e s  a n d  H i l l ,  1 9 9 9 . )  A b b r e v i a t i o n s  f o r  p h a s e s :  T r = t r e m o l i t e ,  T c = t a l c ,  
A p = a n t h o p h i l l i t e ,  E = e n s t a t i t e ,  A g = a n t i g o r i t e ,  O = o l i v i n e ,  M = m a g n e s i t e ,  B = b u c i t e ,  D o = d o l o m i t e ,  
D = d i o p s i d e ,  C b = c a r b o n a t e  ( m a g n e s i t e  a n d / o r  d o l o m i t e ) ,  O = q u a r t z .  ( A f t e r  H i l l  e t  a l . ,  1 9 9 9 . )  
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F i g u r e  2 . 7  T - X c 0
2  
p h a s e  d i a g r a m s  f o r  u l t r a m a f i c  a s s e m b l a g e s  a t  l o w  T  a n d  X c 0
2  
m o d i f i e d  
f r o m  J o h a n n e s  ( 1 9 6 9 )  a n d  W i l l  e t  a l .  ( 1 9 9 0 )  a s  p u b l i s h e d  i n  B a r n e s  a n d  H i l l  ( 1 9 9 9 ) .  P o s i t i o n  o f  
o l i v i n e - b r u c i t e - a n t i g o r i t e - m a g n e s i t e  i n v a r i a n t  p o i n t  f r o m  u n p u b l i s h e d  c a l c u l a t i o n s  b y  P o w e l l  
( H i l l  e t  a l .  1 9 9 9 ) .  S t a b i l i t y  f i e l d s  f o r  I i z a r d i t e  a n d  c h r y s o l i t e  n o t  s h o w n  d u e  t o  l a c k  o f  
e x p e r i m e n t a l  c a l i b r a t i o n .  A b b r e v i a t i o n s  f o r  p h a s e s :  T r = t r e m o l i t e ,  T c = t a l c ,  A p = a n t h o p h i l l i t e ,  
E = e n s t a t i t e ,  A g = a n t i g o r i t e ,  O = o l i v i n e ,  M = m a g n e s i t e ,  B = b u c i t e ,  D o = d o l o m i t e ,  D = d i o p s i d e ,  
C b = c a r b o n a t e  ( m a g n e s i t e  a n d / o r  d o l o m i t e ) ,  Q = q u a r t z .  
a l t e r e d  t e r r a i n s  t r y i n g  t o  m a r r y  t h e  p h y s i c a l  p r o p e r t i e s  t o  o r i g i n a l  r o c k  t y p e  i s  e x t r e m e l y  
d i f f i c u l t .  
T h e  B l a c k  S w a n  S u c c e s s i o n  c a n  b e  b r o a d l y  d i v i d e d  i n t o  f o u r  m a i n  r o c k  t y p e s ,  q u a r t z ­
c h l o r i t e ,  q u a r t z  c a r b o n a t e ,  s e r p e n t i n i t e  a n d  t a l c - c a r b o n a t e ,  w h i c h  e x h i b i t  r e l i c t  s p i n i f e x  
a n d  c u m u l a t e  t e x t u r e s .  T h e s e  r o c k s  a r e  p o o r l y  e x p o s e d  a n d  w h e r e  o u t c r o p p i n g  c o n s i s t  o f  
w e a t h e r e d  s i l i c i f i e d  m a s s i v e  s e r p e n t i n i t e  e x h i b i t i n g  r e l i c  c u m u l a t e  t e x t u r e s .  F r e s h  o l i v i n e  
i s  a l m o s t  c o m p l e t e l y  a b s e n t .  
T a b l e  2 . 2  d e s c r i b e s  t h e  t y p i c a l  a s s e m b l a g e s  s e e n  w i t h i n  t h e  B l a c k  S w a n  S u c c e s s i o n  
d u r i n g  t h e  c o u r s e  o f t h i s  s t u d y .  
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T A B L E  2 . 2  M i n e r a l  a s s e m b l a g e s  f o u n d  w i t h i n  t h e  B l a c k  S w a n  S u c c e s s i o n  
P r o t o l i t h  
O S T X  
P r o t o l i t h  M i n e r a l o g y  
O l i v i n e  b l a d e s ­
c l i n o p y r o x e n e - ±  
c h r o m i t e  a n d  g l a s s  
P X S T X  
O O C  
P y r o x e n e  +  l i q u i d  
O l i v i n e  ±  c h r o m i t e  +  
l i q u i d  
O M C  O I i v i n e  ±  c h r o m i t e  +  
l i q u i d  
S e r p e n t i n i s a t i o n  
C h l o r i t e - a n t i g o r i t e ­
m a g n e t i t e  a f t e r  
s p i n i f e x  o l i v i n e .  
C h I o r i t e ­
t r e m o l i t e / a c t i n o I i t e  ±  
r e l i c t  p y r o x e n e ,  s p i n e l  
i n  g r o u n d m a s s  
T e m o l i t e - c h I o r i t e  
A n t i g o r i t e - c h l o r i t e ­
m a g n e t i t e  a f t e r  o l i v i n e ,  
c h l o r i t e ­
t r e m o l i t e / a c t i n o l i t e  
g r o u n d m a s s  
A n t i g o r i t e - b r u c i t e  
s e r p e n t i n e  +  c h l o r i t e  +  
m a g n e t i t e  v e i n i n g  
L i z a r d i t e - o l i v i n e ­
c h I o r i t e  +  c h r o m i t e  +  
m a g n e t i t e  
S e r p e n t i n e - t r e m o l i t e ­
c h l o r i t e - b r u c i t e  
C a r b o n a t e  A l t e r a t i o n  
C h I o r i t e - q u a r t z ­
c a r b o n a t e  ( m a i n l y  
d o l o m i t e )  ±  t a l c  ±  
d u s t y  m a g n e t i t e  o r  
h a e m a t i t e  
( r e f e r  t o  F i g u r e s  2 . 8 a  
& 2 . 8 b )  
C a r b o n a t e ( m a g n e s i t e ­
d o l o m i t e )  - q u a r t z ­
c h l o r i t e  
+  h a e m a t i t e  
+  c h r o m i t e  +  
m a g n e t i t e  ( r e f e r  t o  
F i g u r e s  2 . 8 c ,  2 . 8 d  &  
2 . 8 e )  
T a l c - c a r b o n a t e  ±  
q u a r t z  
T a l c - m a g n e s i t e ­
d o l o m i t e - c h I o r i t e ­
h a e m a t i t e  ±  q u a r t z  ±  
m a g n e t i t e  +  c h r o m i t e  
C a r b o n a t e ( m a g n e s i t e ) ­
q u a r t z - c h l o r i t e  
( R e f e r  t o  F i g u r e s  2 . 8 f ,  
2 . 8 g  & 2 . 8 h )  
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F i g u r e  2 . 8 a  P h o t o m i c r o g r a p h  i n  t r a n s m i t t e d  l i g h t ,  c r o s s e d  p o l a r s .  F i e l d  o f  v i e w  i s  a p p r o x i m a t e l y  2 . 7 5 m m .  
S a m p l e  i s  f r o m  h o l e  B S D  8 6  a t  d e p t h  2 0 9 . 5 3 m  w i t h i n  t h e  s o u t h e r n  f l a n k i n g  z o n e  o f  t h e  B l a c k  S w a n  
S u c c e s s i o n  c a r b o n a t e - c h l o r i t e - q u a r t z  r o c k  a f t e r  s p i n i f e x  t e x t u r e d  k o m a t i i t e .  
F i g u r e  2 . 8 b  P h o t o m i c r o g r a p h  i n  t r a n s m i t t e d  l i g h t ,  c r o s s e d  p o l a r s .  F i e l d  o f  v i e w  i s  a p p r o x i m a t e l y  2 . 7 5 m m .  
S a m p l e  i s  f r o m  h o l e  B S D  8 6  a t  d e p t h  2 0 9 . 5 3 m  w i t h i n  t h e  s o u t h e r n  f l a n k i n g  z o n e  o f  t h e  B l a c k  S w a n  
S u c c e s s i o n  c a r b o n a t e - c h l o r i t e - q u a r t z  r o c k  a f t e r  s p i n i f e x  t e x t u r e d  k o m a t i i t e .  
F i g u r e  2 . 8 c  P h o t o m i c r o g r a p h  i n  t r a n s m i t t e d  l i g h t ,  c r o s s e d  p o l a r s .  F i e l d  o f  v i e w  i s  a p p r o x i m a t e l y  2 . 7 5 m m . 
  
S a m p l e  i s  f r o m  h o l e  B S D  4 4  a t  d e p t h  3 0 1  m  w i t h i n  t h e  l o w e r  u l t r a m a f i c  u n i t ,  s o u t h e r n  s e c t o r  o f  t h e 
  
B l a c k  S W a n  S u c c e s s i o n .  C a r b o n a t e - q u a r t z - t a l c  r o c k  a f t e r  o l i v i n e  c u m u l a t e . 
  
F i g u r e  2 . 8 d  P h o t o m i c r o g r a p h  i n  t r a n s m i t t e d  l i g h t ,  c r o s s e d  p o J a r s .  F i e l d  o f  v i e w  i s  a p p r o x i m a t e l y  2 . 7 5 m m . 
  
S a m p l e  i s  f r o m  h o l e  B S D  4 4  a t  d e p t h  3 0 1  m  w i t h i n  t h e  l o w e r  u l t r a m a f i c  u n i t ,  s o u t h e r n  s e c t o r  o f  t h e 
  
B l a c k  S w a n  S u c c e s s i o n .  C a r b o n a t e - q u a r t z - t a l c  r o c k  a f t e r  o l i v i n e  c u m u l a t e .  N o t e  l o b a t e  c h r o m i t e  i n 
  
c e n t e r  o f  v i e w  a n d  d u s t y  m a g n e t i t e  w i t h i n  p o r p h y r o b l a s t i c  c a r b o n a t e . 
  
F i g u r e  2 . 8 e  P h o t o m i c r o g r a p h  i n  t r a n s m i t t e d  l i g h t ,  c r o s s e d  p o l a r s .  F i e l d  o f  v i e w  i s  a p p r o x i m a t e l y  4 m m . 
  
S a m p l e  i s  f r o m  h o l e  B S D  4 4  a t  d e p t h  2 2 7 m  w i t h i n  t h e  l o w e r  u l t r a m a f i c  u n i t ,  s o u t h e r n  s e c t o r  o f  t h e 
  
B l a c k  S w a n  S u c c e s s i o n .  T a l c - c a r b o n a t e - c h l o r i t e  r o c k  a f t e r  o l i v i n e  o r t h o c u m u l a t e . 
  
F i g u r e  2 . 8 f  P h o t o m i c r o g r a p h  i n  t r a n s m i t t e d  l i g h t ,  c r o s s e d  p o l a r s .  F i e l d  o f  v i e w  i s  a p p r o x i m a t e l y  4 m m . 
  
S a m p l e  i s  f r o m  h o l e  B S D  4 4  a t  d e p t h  2 2 7 m  w i t h i n  t h e  l o w e r  u l t r a m a f i c  u n i t ,  s o u t h e r n  s e c t o r  o f  t h e 
  
B l a c k  S w a n  S u c c e s s i o n .  T a l c - c a r b o n a t e - q u a r t z  r o c k  a f t e r  o l i v i n e  m e s o c u m u l a t e . 
  
F i g u r e  2 . 8 g  P h o t o m i c r o g r a p h  i n  t r a n s m i t t e d  l i g h t ,  c r o s s e d  p o l a r s .  F i e l d  o f  v i e w  i s  a p p r o x i m a t e l y  2 . 7 5 m m .  
S a m p l e  i s  f r o m  h o l e  B S D  4 4  a t  d e p t h  3 3 3 m  w i t h i n  t h e  l o w e r  u l t r a m a f i c  u n i t ,  s o u t h e r n  s e c t o r  o f  t h e  B l a c k  
S w a n  s u c c e s s i o n .  T a l c - c a r b o n a t e - s u l p h i d i c  r o c k  a f t e r  o l i v i n e  s u l p h i d e  c u m u l a t e .  
F i g u r e  2 . 8 h  P h o t o m i c r o g r a p h  i n  t r a n s m i t t e d  l i g h t ,  c r o s s e d  p o l a r s .  F i e l d  o f  v i e w  i s  a p p r o x i m a t e l y  4 m m .  
S a m p l e  i s  f r o m  h o l e  B S D  4 4  a t  d e p t h  2 3 3 m  w i t h i n  t h e  l o w e r  u l t r a m a f i c  u n i t ,  s o u t h e r n  s e c t o r  o f  t h e  B l a c k  
S w a n  s u c c e s s i o n .  T a l c - q u a r t z - c a r b o n a t e  r o c k .  N o t e  a b u n d a n c e  o f  d a r k  l a r g e r  m a g n e t i t e  g r a i n s  a n d  f i n e r  
g r a i n e d  a g g r e g a t e s .  
2 . 3  O r e b o d i e s  a n d  M i n e r a l i s a t i o n  
T h e  B  l a c k  S w a n  S u c c e s s i o n  h o s t s  t h e  S i l v e r  S  w a n ,  B l a c k  D u c k ,  W o o d  D u c k ,  S i l v e r  
S w a n  D e e p s ,  W h i t e  S w a n ,  C y g n e t ,  1 1 2 0 0 m n ,  a n d  B l a c k  S w a n  m a g m a t i c  n i c k e l  s u l p h i d e  
o r e b o d i e s .  R e f e r  t o  t h e  B l a c k  S w a n  l o n g i t u d a l  ( F i g u r e  2 . 9 a )  f o r  l o c a t i o n  o f  t h e  
o r e b o d i e s .  
T h e  b a s a l  c o n t a c t  o f  t h e  L o w e r  U l t r a m a f i c  U n i t  w i t h  t h e  F e l s i c  F o o t w a l l  U n i t  i s  h o s t  t o  
t h e  S i l v e r  S w a n  o r e  b o d y .  I n c l u s i o n s  a n d  p l u m e s  o f  f e l s i c  f o o t w a l l l i t h o l o g i e s  ( H i l l  e t  
a / . ,  1 9 9 9 )  t y p i f i e d  t h e  l o w e r  c o n t a c t  w i t h  t h e  f e l s i c  f o o t w a l l .  T h e  d e p o s i t  h a d  a  M i n e a b l e  
R e s e r v e  o f  6 4 0 , 0 0 0 t  @  9 . 5 %  N i  a t  c o m m e n c e m e n t  o f  m i n i n g .  T h e  S i l v e r  S w a n  
m i n e r a l i s a t i o n  c o m p r i s e d  a  d i s c r e t e  s h o o t  o f  m a s s i v e  s u l p h i d e s  d o m i n a t e d  b y  a  l a t t i c e  o r  
l a c e  t e x t u r e d  a l t e r n a t i n g  b a n d s  o f  p y r r h o t i t e  a n d  p e n t l a n d i t e  w i t h  m i n o r  a m o u n t s  o f  .  
v i o l a r i t e  ( N h F e S 4 ) ,  c h a l c o p y r i t e ,  p y r i t e ,  m a g n e t i t e ,  c h r o m i t e  a n d  g e r s d o r f f i t e  ( N i A s S ) .  
T h e  o r e  b o d y  d i p s  b e t w e e n  4 5 °  a n d  7 5 °  e a s t ,  i s  5 - 2 O m  w i d e ,  a n d  h a s  a  s t r i k e  l e n g t h  o f  7 5  
m e t r e s .  A  s m a l l  s i n i s t r a l  f a u l t  c u t s  t h e  u p p e r  z o n e  d i s l o c a t i n g  t h e  m a s s i v e  s u l p h i d e  i n t o  
t w o  s e p a r a t e  s h a p e s .  S p o r a d i c  n i c k e l i f e r o u s  s u l p h i d e  d i s s e m i n a t i o n s  a n d  s u l p h i d e  f i l l e d  
v e i n l e t s  a n d  f r a c t u r e s  o f t e n  p e r s i s t  f o r  s e v e r a l  m e t r e s  i n t o  t h e  f e l s i c  s u b s t r a t e  b e l o w  t h e  
d e p o s i t  ( G o o d e ,  2 0 0 2 ) .  
T h e  S i l v e r  S w a n  D e e p s  O r e b o d y  i s  t h e  d o w n d i p  c o n t i n u a t i o n  o f  t h e  S i l v e r  S w a n  o r e  
b o d y  a n d  c o n s i s t s  o f  m a s s i v e  s u l p h i d e s  l o c a t e d  o n  a n d  w i t h i n  t h e  F o o t w a l l  F e l s i c  U n i t .  
I t  f o r m s  a  c o n v e x  l e n s o i d a l  t o n g u e  o f  m a s s i v e  p e n t l a n d i t e - p y r r h o t i t e - p y r i t e  
m i n e r a l i s a t i o n  ( H i l l  e t  a l . ,  1 9 9 9 ) ,  u p  t o  5 0 m  w i d e  a n d  t o  1 0 m  t h i c k ,  e x t e n d i n g  f o r  3 0 0 m  
d o w n  p l u n g e .  A n  o p h i t i c - t e x t u r e d  v e r t i c a l  i n t e r m e d i a t e / m a f i c  d y k e  c u t s  t h e  o r e b o d y  i n t o  
t w o  s e p a r a t e  p a n e l s .  S o m e  r e m o b i l i s a t i o n  o f  t h e  m a s s i v e  p e n t l a n d i t e - p y r r h o t i t e  
m i n e r a l i s a t i o n  a b o u t  t h e  d y k e  i s  e v i d e n t .  
T h e  B l a c k  S w a n  d i s s e m i n a t e d  o r e b o d y  l i e s  4 0 0 m  t o  t h e  s o u t h  o f  S i l v e r  S w a n  a n d  i s  
h o s t e d  b y  s e r p e n t i n i t e  i n  t h e  B l a c k  S w a n  L a v a  P a t h w a y .  A s  a  r e s u l t  o f  r e s e a r c h  f o r  a  
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B L A C K  S W A N  N I C K E L  
L o n g i t u d i n a l  S e c t i o n  
O a h t :  
D W G N O :  
B S c  ( R o n s )  t h e s i s ,  H a c k  ( 1 9 7 2 )  a n d  H a c k  e t  a l .  ( 1 9 7 4 ) ,  i d e n t i f i e d  a n  u n u s u a l  m i n e r a l  
a s s e m b l a g e  o f  m i l l e r i t e  ( N i S - p y r i t e - m a g n e t i t e - v i o l a r i t e  ( N h F e S 4 ) )  a t  B l a c k  S w a n ,  w i t h  
t h e  p r e v i o u s l y  u n r e c o r d e d  a s s e m b l a g e  p y r i t e - v a e s i t e - v i o l a r i t e .  T h i s  f i n d i n g  l e d  t o  a  
f u r t h e r  s t u d y  b y  G r o v e s  e t  a l .  ( 1 9 7 4 )  i n t o  t h e  m o d i f i c a t i o n  o f  i r o n - n i c k e l  s u l p h i d e s  d u r i n g  
s e r p e n t i n i s a t i o n  a n d  t a l c - c a r b o n a t e  a l t e r a t i o n .  T h e y  c o n c l u d e d  t h a t  t h e  u l t r a m a f i c  h a d  
u n d e r g o n e  a  c o m p l e x  h i s t o r y  o f  s e r p e n t i n i s a t i o n ,  c a r b o n a t i o n ,  t a l c - c a r b o n a t i o n ,  a n d  
a n t i g o r i t e  r e c r y s t a l l i s a t i o n ,  w i t h  a n  a c c o m p a n y i n g  p r o g r e s s i v e  r e d u c t i o n  i n  t h e  a m o u n t  o f  
n i c k e l  f i x e d  i n  s i l i c a t e  p h a s e s .  C o n t i n u e d  r e - e q u i l i b r a t i o n  o f  t h e  s u l p h i d e  a s s e m b l a g e  
o c c u r r e d  a f t e r  f m a l  r e c r y s t a l l i s a t i o n  o f  s i l i c a t e  c a r b o n a t e  p h a s e s ,  p r o d u c i n g  t h e  u n u s u a l  
s u l p h i d e  m i n e r a l s .  T h e  B l a c k  S w a n  d e p o s i t  h a s  a n  I n d i c a t e d  R e s o u r c e  o f  7  M f @  0 . 8 %  
N i .  T h e  d e p o s i t  l i e s  . w i t h i n  a  z o n e  a p p r o x i m a t e l y  3 0 0 m  l o n g ,  u p  t o  1 5 0 m  t h i c k  a n d  
!  
s i t u a t e d  3 0 - 8 0  m e t r e s  a b o v e  t h e  b a s a l  c o n t a c t  o f  t h e  B l a c k  S w a n  K o m a t i i t e .  T h e  d e p o s i t  
h a s  a  s t e e p  e a s t e r l y  d i p  a n d  s t e e p  n o r t h e r l y  p l u n g e .  
T h e  W h i t e  S w a n  m a s s i v e  s u l p h i d e  o r e  b o d y  l i e s  i n  t h e  L o w e r  U l t r a m a f i c  U n i t ,  S o u t h e r n  
S e c t o r ,  i n  d i r e c t  c o n t a c t  w i t h  t h e  F o o t w a l l  F e l s i c  U n i t .  T h e  o r e b o d y  i s  l e n s o i d a l  i n  f o r m  
w i t h  a  d i a m e t e r  o f  7 0 m  a n d  a  t h i c k n e s s  o f  5 m .  T h e  s u l p h i d e  a s s e m b l a g e  c o n s i s t s  o f  
p y r r h o t i t e ,  p e n t l a n d i t e  a n d  p y r i t e .  
C y g n e t  i s  a  s t e e p l y  p l u n g i n g  d i s s e m i n a t e d  m a g m a t i c  n i c k e l  s u l p h i d e  o r e b o d y ,  w h i c h  i s  
p o s i t i o n e d  5 - 1 O m  s t r a t i g r a p h i c a l l y  a b o v e  t h e  b a s a l  c o n t a c t  o f  t h e  S o u t h e r n  S e c t o r  o f  t h e  
L o w e r  U l t r a m a f i c  U n i t  w i t h  t h e  F o o t w a l l  F e l s i c  U n i t ,  i m m e d i a t e l y  s o u t h  o f  S i l v e r  S w a n .  
T h e  s u l p h i d e  m i n e r a l  a s s e m b l a g e  i s  d o m i n a t e d  b y  p y r i t e ,  m i l l e r i t e  a n d  v a e s i t e  ( G r o v e s  e t  
a I . ,  1 9 7 4 )  a n d  a t t a i n s  a  m a x i m u m  t h i c k n e s s  o f  3 5 - 4 0  m e t r e s .  T w o  g r a d e  z o n e s  a r e  
e v i d e n t ,  a  h i g h - g r a d e  f o o t w a l l  z o n e  c o n t a i n i n g  5 - 7 %  s u l p h i d e s  g r a d i n g  2 - 3 %  N i .  T h e  
h i g h - g r a d e  z o n e  i s  d i s c  s h a p e d  i n  c r o s s  s e c t i o n  a n d  o n  t h e  n o r t h e r n  a n d  s o u t h e r n  l i m i t s  i s  
i n t e r f i n g e r e d  w i t h  l o w - g r a d e  z o n e s ,  c o n t a i n i n g  1 - 2 %  s u l p h i d e s  g r a d i n g  1  %  n i c k e l  
( G o o d e ,  2 0 0 2 ) .  T h e  C y g n e t  d e p o s i t  h a s  a  M i n e a b l e  R e s e r v e  o f  1 . 0 2 5 m t  @  2 . 1 6 %  N i .  
T h i n  h i g h  g r a d e ,  r a n d o m l y  o r i e n t a t e d ,  m a s s i v e / s e m i  m a s s i v e  s u l p h i d e  v e i n s  g r a d i n g  
1 6 % N i ,  w h i c h  h a v e  b e e n  i n t  e r p r e t e d  t o  b  e  r  e m o b i l i s e d  a  r e  0  c c a s i o n a l l y  n o t e d  0  n  t h e  
f o o t w a l l  s i d e  o f  t h e  h i g h - g r a d e  z o n e  ( G o o d e ,  2 0 0 2 ) .  
4 4  
T h e  B l a c k  D u c k  O r e b o d y  c o n s i s t s  o f  a  s e r i e s  o f  s i n u o u s  l e n t i c u l a r  p o d s  o f  m a s s i v e  
s u l p h i d e ,  e n c l o s e d  p r i m a r i l y  b y  i n t e r n a l  i n t e r m e d i a t e  /  f e l s i c  v o l c a n i c s  b e l o n g i n g  t o  t h e  
U p p e r  F e l s i c  U n i t  I  ( H i l l  e t  a l . ,  1 9 9 9 ) .  T h e  m a s s i v e  s u l p h i d e s  a r e  c o m p o s e d  o f  p y r i t e ,  
p y r r h o t i t e ,  p e n t l a n d i t e  a n d  m i n o r  g e r s d o r f f i t e .  
T h e  W o o d  D u c k  m a s s i v e  p y r r h o t i t e - p e n t l a n d i t e - p y r i t e  s u l p h i d e  m i n e r a l i s a t i o n  i s  l o c a t e d  
d o w n  d i p  o f  t h e  B l a c k  D u c k  O r e b o d y .  I t  l i e s  o n  a  l a y e r  o f  p a r t i a l l y  m e l t e d  F e l s i c  
F o o t w a l l  U n i t  ( H i l l  e t  a l . ,  1 9 9 9 ) .  T h e  o r e  b o d y ' s  t h i c k n e s s  v a r i e s  f r o m  2 - l O m  a n d  h a s  a  
m a x i m u m  s t r i k e  o f  a p p r o x i m a t e l y  3 5 m .  
T h e  1 1 2 0 0 m N  ( G o s l i n g )  m a s s i v e  s u l p h i d e  m i n e r a l i s a t i o n  i s  l o c a t e d  5 0 0 m  s o u t h  o f  
C y g n e t ,  0  n  a n  u p p e r  c o n t a c t  o f  a  n  i n t e r n a l  f e l s i c  v o l c a n i c  f l o w  u n i t ,  a  I  a r g e  h i g h l y  
v a r i a b l e  l e n s  s h a p e d  n o r t h e r l y  ( 4 5  d e g r e e s )  p l u n g i n g  s e q u e n c e ,  w h i c h  i s  p a r t  o f  U p p e r  
F e l s i c  U n i t  I ,  a n d  c o n s i s t s  p r e - d o m i n a n t l y  o f  p y r r h o t i t e ,  p y r i t e  a n d  p e n t l a n d i t e  
( G o o d e , 2 0 0 2 ) .  
F i g u r e  2 . 9 b  i s  a  s c h e m a t i c  d i a g r a m  i l l u s t r a t i n g  t h e  p o s i t i o n  o f  t h e  o r e  b o d i e s  i n  r e l a t i o n  t o  
t h e  B l a c k  S w a n  K o m a t i i t e  a n d  b a s a l  c o n t a c t .  
2 . 4  H i s t o r y  o f  U s e  o f  G e o p h y s i c a l  T e c h n i q u e s  a t  S i l v e r  S w a n .  
P r i o r  t o  t h i s  s t u d y ,  d u r i n g  t h e  e x p l o r a t i o n  a n d  d e v e l o p m e n t  o f  t h e  S i l v e r  S w a n  m i n e  a  
v a r i e t y  o f  g e o p h y s i c a l  s u r v e y s  w e r e  c a r r i e d  o u t .  
D u r i n g  r o u t i n e  g e o l o g i c a l  l o g g i n g ,  m a g n e t i c  s u s c e p t i b i l i t y  r e a d i n g s  w e r e  t a k e n  u s i n g  a  
h a n d  h e l d  m e t e r ,  a n d  d e n s i t y  w a s  e s t a b l i s h e d  w i t h  t h e  d i s p l a c e d  w a t e r  m e t h o d .  S y s t e m s  
E x p l o r a t i o n  ( N S W )  P t y  L t d  m e a s u r e d  t h e  m a g n e t i c  s u s c e p t i b i l i t y  a n d  c o n d u c t i v i t y  o f  t h e  
o r e  r o c k  o n  a  s i n g l e  s a m p l e .  
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A  n u m b e r  o f  h o l e s  w e r e  s u r v e y e d  u s i n g  t h e  O M S - L O G G  t o o l ,  w h i c h  m e a s u r e d  g a m m a ­
g a m m a ,  n a t u r a l  g a m m a ,  c o n d u c t i v i t y ,  m a g n e t i c  s u s c e p t i b i l i t y  a n d  r e s i s t i v i t y .  
P e t r o p h y s i c a l  p r o p e r t i e s  a s  d o c u m e n t e d  b y  A m a n n  &  P i e t i l a  ( 1 9 9 8 )  a r e  s h o w n  i n  T a b l e  
2 . 3 .  
T A B L E  2 . 3  P e t r o p h y s i c a l  p r o p e r t i e s  o f  S i l v e r  S w a n  
D e n s i t y  M a g n e t i c  
C o n d u c t i v i t y  
R e s i s t i v i t y  
G / c m  
S u s c e p t i b i l i t y  
S l m  
O h m - m  
S I  
C o u n t r y  r o c k  2 . 7  
L o w  
N a  2 0 0 0 0  
H o s t  ( C a r b )  2 . 8 5  0 . 0 0 0 0 5  
N a  1 5 0 - 8 0 0  
H o s t  ( S e r p )  2 . 9 5  
0 . 1  
N a  1 0 0 0 0  
M a s s i v e  O r e  
4 . 7 6  0 . 1 5  
v e r y  h i g h  < 0 . 0 0 0 0 1  
F o o t w a l l  2 . 7  
< 0 . 0 0 0 0 5  n a  
2 0 0 0 0  
2 . 4 . 1  M a g n e t i c s  
P r i o r  t o  t h e  d i s c o v e r y  o f  t h e  S i l v e r  S w a n  d e p o s i t ,  2 0 0 m  s p a c e d  r e g i o n a l  a e r o m a g n e t i c  
d a t a  ( F i g u r e  2 . 1 0 )  w a s  p u r c h a s e d ,  w i t h  t h e  a i m  o f  d e l i n e a t i n g  t h e  u l t r a m a f i c  b o u n d a r y  
a n d  l o c a t i n g  p o s s i b l e  s t r i k e  e x t e n s i o n s  o f  t h e  s t r a t i g r a p h y .  A  g e o m a g n e t i c  i n t e r p r e t a t i o n  
( F i g u r e  2 . 1 1 )  b a s e d  o n  p u b l i s h e d  g e o l o g y  ( A h m a t ,  1 9 8 7 - 8 9 )  a n d  u n p u b l i s h e d  g e o l o g y  
f r o m  W A M E X  o p e n  f i l e  d a t a  w a s  p r o d u c e d .  
A  5 0 m  l i n e  s p a c e d  a n d  l 5 m  m e a n  t e r r a i n  c l e a r a n c e  h e l i c o p t e r  b o r n e  m a g n e t i c  s u r v e y  w a s  
f l o w n  i n  1 9 9 5 .  T h e  t o t a l  m a g n e t i c  f i e l d  i m a g e  i s  s h o w n  i n  F i g u r e  2 . 1 2  o v e r l a i n  b y  t h e  
o u t c r o p  g e o l o g y  m a p  w i t h  t h e  b o u n d a r y  o f  t h e  u l t r a m a f i c s  a s  d e f i n e d  b y  d r i l l i n g .  
.  G r o u n d  m a g n e t i c  s u r v e y s  w e r e  f o u n d  t o  b e  o f  l i t t l e  u s e  a s  a  m i n e r a l i s a t i o n - t a r g e t i n g  t o o l  
d u e  t o  s u r f i c i a l  n o i s e  f r o m  t h e  w e a t h e r i n g  p r o f i l e .  
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F i g u r e  ( .  \ 0  
G I N D A L B I E  R E G I O N 
  
G e o m a g n e t i c  I n t e r p r e t a t i o n 
  
6 6 6 0 0 0 0 m N 	  
6 6 6 0 0 0 0  m N  ­
- 3 0 0 1 2 '  
_  - 3 0 ° 1 2 '  
6 6 5 0 0 0 0  m N 	  
6 6 5 0 0 0 0  m N  
- 3 0 ° 1 8 '  
- - 3 0 ° 1 8 '  
L E G E N D  
D  
[0~
G 8 ? ' . i 2 l  N o n  m a g n e t i c  a s s o c i a t i o n  - p r o b a b l y  g r a n i t e  
6 6 4 0 0 0 0  m N 
  
1 : . > " , 1  M o d e r a t e  t o  h i g h l y  m a g n e t i c  i n w s l v e . .  . .  . .  . . 
  
"  I _  p r o b a o l y  g r a m t e  e X h i b I t i n g  z o m m o n  \ v a r y l f l g  O l e O o e u c  I m e n : S l l Y )  
~ N o n  m a g n e t i c  l i n e a r  i n t r u s i v e  ( e x t e n s i v e J m a j o r )  
I~ - p r o b a b l y  r e v e r s e l y  p o l a r i s e d  d o l e r i t e l g a b b r o  d y k e  w h i c h  h a s  i n f i l l e d  a  m a j o r  f a u l t  Z O \ . 'E l 
  
I n  v l t \ l c h  m o v e m e n t  o c c u r r e d  .  . : 
  
D  
H i g h l y  m a g n e t i c  l i n e a r  i n t r u s i v e  ( e x t e n s i v e / m a j o r ) 	  - ,  
- 3 0 " 2 4 '  
.  - p r o b a b l y  d o l e r i t e / g a b b r o  d y k e 	  :  •  
~ M o d e r a t e l y  m a g n e t i c  l i n e a r  i n t r u s i v e ·  p r o b a b l y  d o l e r i t e J g a b b r o  d y k e  i n f i l l i n g  a  F a u / l  z o n e  . / '  .,~ 
N o n  m a g n e t i c  l i n e a r  a s s o c i a t i o n  ( s m e l l e r ) .  p r o b a b l y  r " " e r s e l y  p o l a r i s e d  d y k e  \  /  
O  
L o w - n o n  m a g n e t i c  a s s o c i a t i o n  / 
  
·  p r o b a b l y  f e J s i c  v o l c a n i c s  i n t e r b e d d e d  w i t h  m o r e  m a g n e t i c  l i n e a r  u n i t s  \ 
  
~l L o w - m o d e r a t e l y  m a g n e t i c  a S 6 o c i a t i o n  \  
 - p r o b a b l y  f e l s i c  v o l c a n i c s  i n t e r b e d d e d  w i t h  s e d i m e n t r y  r o c k s  ( p o s s i b l y  c o n t a i n i n g  m o r e  \ \  
m a g n e t i c  m a t r i x l c l a s t s  s u c h  a s  m a f i c / U M )  •  
L o w - n o n  m a g n e t i c  a s s o c i a t i o n  
- p r o b a b l y  s e d i m e n t a r y  r o c k s  i n t e r b e d d e d  w i t h  f e l s i c  v o l c a n i c s  a n d  + / .  g a b r o l c J d o l e r i t i c  r o c k s  
6 6 3 0 0 0 0  m N  
M o d a r a t e  t o  h i g h l y  m a g n e t i c  l i n e a r  u n l l 
  
- p r o b a b l y  s h a l e / c h e r t 
  
H i g h l y  m a g n e t i c  o v a l  I n t r u s i v e  
·  p r o b a b l y  f e l s i c / p o r p h y r y / g r a n l t e ? 7  
i i f l : ; ' i J  l o w · m o d e r a t e l y  m a g n e t i c  l i n e a r  u n i t s 
  
. \ ; . M Y J  .  p r o b a b l y  d o l e r i t e / g a b b r o 
  
- 3 0 " 3 0 '  
l o w  n o n  m a g n e t i c  e s s o c l a t l o n  
•  p r o b a b l y  m a l l c s  ( b a B a l t )  w h i c h  h a B  u n d e r g o n e  a l t e r a t i o n  c a u B l n g  m a g n e t i t e  d e s t r u c t i o n  
l o w  m o d e r a t e l y  m a g n e l l c  a s s o c i a t i o n  - p r o b a b l y  b B s a l 1  
M o d e r a t e  h i g h l y  m a g n B l i c  a S B o c l a t l o n 
  
·  p o s s i b l y  h i g h  M g  b a s a l t  I n t B r b e d d e d  w i t h  m e f l c s  ( b a . . . l l ? ) 
  
N o n  m a g n e t i c  l i n e a r  u l t r a m a f i c  a s s o c i a t i o n  
6 6 2 0 0 0 0  m N
•  p r o b a b l y  m o r e  m a g n e t i c  u l t r a m a f l c  I n t e r b e d d e d  w i t h  l e s s  m a g n e t i c  h i g h  M g  b a s a l  
- l a c k  o f  m a g n B l i c  i n t e n s i t y  s u g g B S t s  m B g n e t i t e  d e s t r u c l i o n  v i a  a l t e r a t i o n  o r  f l u i d  f l o w 
  
t h r o u g h  f a u l t s  o r  b y  t h e  I n t i u s i o n  o f  t h e  g r a n i t e . 
  
M o d e r a t e ·  h i g h l y  a s s o c i a l l o n .  a s s o c i a t e d  w i t h  t h e  m o r e  h i g h l y  m a g n e t i c  u n i t s 
  
- p r o b a b l y  u / l r a m a f l c  i n t e r b e d d e d  w i t h  h i g h  M g  b a s a l t 
  
M a j o r  f a u l t  ( m o v e m e n t  a s  s h o v m )  
- 3 0 ° 3 6 '  - ,  
I n f e r r e d  f a u l t  
o  2 . 5  5  
~	 M i n o r  F a u l t  o r  f r a c l U r e  ( m o v e m e n t  e s  s h o w n )  
I 
  
k l l o m e l e r s 
  
~ S y n c l i n e 	  
M a p  P r o j e c t i o n :  A M G  Z o n e  5 1  ( A C D 6 6 )  
6 6 1 0 0 0 0  m N
~ A n t i c l i n e  
- . .  
~ F o l d a x l s  
U J  
U J 	  
U J  
E 	 E E
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I n f e r r e d  L i t h o l o g i c a l  b o u n d a r y  







( ' )  
C o m p i l e d  b y  P a m o l a  I t a l i a n o ,  M i n i n g  P r o j e c t  I n v e s t o r s ,  b B s e d  o n  h i g h  r o s o l u t l o n  a e r o m e g n a t i c s ,  G S W A ,  J .  H a l i b e r g  g e o l o g i c a l  m a p p i n g  a n d  f i e l d  o b s e l Y a l i o n s .  
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- 3 0 ' 1 8 '  
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6 6 3 0 0 0 0  m N  
- - 3 0 ' 3 0 '  
6 6 2 0 0 0 0  m N  
- 3 0 ' 3 6 '  
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« )  
S u r v e y  S p e c i f i c a t i o n s  
T r a v e r s e  s p a c i n g  :  2 0 0 m  
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2 . 4 . 2  G r o u n d  E l e c t r o m a g n e t i c s  
A  v a r i e t y  o f  e l e c t r o m a g n e t i c  s u r v e y s  w e r e  c o n d u c t e d  o v e r  t h e  B l a c k  S w a n  a r e a  d u e  t o  t h e  
c o n d u c t i v e  n a t u r e  o f t h e  t a r g e t .  S u r v e y s  i n c l u d e d :  
• 	  M o v i n g  i n - l o o p  M a r k 3  S i r o t e m  f r o m  2 0 0 m  t r a n s m i t t e r  l o o p s ;  
• 	  A  f i x e d  l o o p  s u r v e y  o v e r  t h e  o r e  z o n e ;  
• 	  G e f i n e x  4 0 0 S  s u r v e y ,  w h i c h  i s  a n  O u t o k u m p u  i n - h o u s e  b r o a d b a n d  2 - 2 0 k H z  
f r e q u e n c y  d o m a i n  s y s t e m  o p e r a t i n g  i n  s l i n g r a m  c o n f i g u r a t i o n ;  a n d ,  
• 	  C r o n e  P E M  u s i n g  t h e  l 5 0 m s  t i m e  b a s e  i n  b o t h  f i x e d  a n d  m o v i n g  l o o p  m o d e .  
N o  a n o m a l i e s  c o u l d  b e  d i r e c t l y  a t t r i b u t e d  t o  a  r e s p o n s e  f r o m  t h e  m a s s i v e  s u l p h i d e s .  
2 . 4 . 3  G r a v i t y  
A  S c i n t r e x  C G 3  m e t e r  w a s  u s e d  t o  c a r r y  o u t  a  g r a v i t y  s u r v e y ,  t o  a n  o b s e r v e d  a c c u r a c y  o f  
O . O l m G a l .  T h e  p o s i t i o n  a n d  e l e v a t i o n  o f  t h e  g r a v i t y  s t a t i o n s  w a s  d e f i n e d  u s i n g  a  
K i n e m a t i c  G P S ,  w h i c h  g a v e  a n  a c c u r a c y  o f  ±  O . 0 5 m .  G e n e r a l l y ,  2 5 O m - l i n e  s p a c i n g  w i t h  
4 0 m  s t a t i o n s  w e r e  r e c o r d e d  a l t h o u g h  2 0 m  s t a t i o n s  w e r e  o b s e r v e d  a l o n g  l i n e  l 1 7 5 0 n  
d i r e c t l y  o v e r  t h e  S i l v e r  S w a n  m a s s i v e  s u l p h i d e  s h o o t .  
I t  w a s  c o n c l u d e d  t h a t  d u e  t o  t h e  s t r o n g  i n f l u e n c e  a n d  i r r e g u l a r  n a t u r e  o f  t h e  w e a t h e r i n g  
s u r f a c e ,  g r a v i t y  c o u l d  n o t  d i r e c t l y  d e t e c t  t h e  o r e  z o n e  a n d  t h e r e f o r e  w a s  n o t  
r e c o m m e n d e d  a s  a  t o o l  f o r  r o u t i n e  e x p l o r a t i o n  ( A m a n n  &  P i e t e l a ,  1 9 9 8 ) .  
2 . 4 . 4  D o w n h o l e  E l e c t r o m a g n e t i c s  
T o  d e l i n e a t e  t h e  S i l v e r  S w a n  O r e  b o d y  a n d  t o  a i d  d i s c o v e r y  o f  a n y  p o t e n t i a l  n e i g h b o u r i n g  
m i n e r a l i s a t i o n ,  D H T E M  t e c h n i q u e s  w e r e  r o u t i n e l y  u s e d .  T h e  m a i n  t o o l  w a s  t h e  C r o n e  
t h r e e - c o m p o n e n t  s y s t e m .  R e c t a n g u l a r  a n d  s q u a r e  l o o p s  w i t h  s i d e  l e n g t h s  g e n e r a l l y  
s m a l l e r  t h a n  t h e  e x p e c t e d  t a r g e t  d e p t h  w e r e  d e p l o y e d  i n  a  p o s i t i o n  t o  m a x i m a l l y  c o u p l e  
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w i t h  a  t a r g e t  a s s u m e d  t o  b e  p a r a l l e l  t o  t h e  f o o t w a l l  c o n t a c t  ( A m a n n  &  P i e t i l a ,  1 9 9 8 ) .  
T h e s e  w o r k e r s  r e p o r t e d  t h a t  t h e  D H T E M  t e c h n i q u e  w a s  t h e  m o s t  u s e f u l  t o o l  i n  d i r e c t i n g  
d e e p  d r i l l i n g  a n d  i n  s t e r i l i s i n g  t h e  t a r g e t  b a s a l  c o n t a c t  a r o u n d  e a c h  b a r r e n  d r i l l  h o l e .  
P r o t e m  ( t h r e e  c o m p o n e n t  a t  2 0 5 h z ) ,  C r o n e  ( t h r e e  c o m p o n e n t  a t  1 5 0 m s  t i m e  b a s e )  a n d  
s i n g l e  c o m p o n e n t  s y s t e m s  ( u s i n g  h i g h e r  p o w e r  a n d  v e r y  l o n g  t i m e  b a s e s )  w e r e  t r i a l e d  
o n l y  t o  e s t a b l i s h  t h e  l a t e  t i m e  s i g n a l  l e v e l s  t e n d e d  t o  b e  w i t h i n  t h e  a m b i e n t  n o i s e  l e v e l  
t h u s  d e g r a d i n g  i n t e r p r e t a b i l i t y .  
2 . 4 . 5  M i s e  a  l a  M a s s e  
H o l e  t o  s u r f a c e  a n d  h o l e - t o - h o l e  m i s e  a  l a  m a s s e  s u r v e y s  w e r e  a p p l i e d  t o  d e l i n e a t e  t h e  
S i l v e r  S w a n  o r e b o d y .  A c c o r d i n g  t o  A m a n n  &  P i e t i l a  ( 1 9 9 8 ) ,  h o l e - t o - h o l e  m i s s e  a  l a  
m a s s e  w a s  v e r y  u s e f u l  f o r  o r e  z o n e  d e l i n e a t i o n  b u t  w a s  i m p o s s i b l e  t o  u s e  o n  d e e p e r  h o l e s  
t h a t  i n v o l v e d  n a v i g a t i o n  d r i l l i n g  f r o m  o n e  p a r e n t  h o l e .  
2 . 5  S u m m a r y  
A i r b o r n e  m a g n e t i c  s u r v e y s  w e r e  u s e f u l  i n  i n d i c a t i n g  t h e  p r e s e n c e  o f  u l t r a m a f i c  
l i t h o l o g i e s  i n  t h e  B l a c k  S w a n  P r o j e c t  a r e a  a s  w a s  t h e  r e g i o n a l  g r a v i t y  s u r v e y ,  a n d  h e n c e  
c o u l d  b e  c o n s i d e r e d  v e c t o r s  t o w a r d  t h e  c o r r e c t  b a s i c  v o l c a n o l o g i c a l  e n v i r o n m e n t .  
H o w e v e r ,  t h e s e  s u r v e y s  c o u l d  n o t  b e  u s e d  t o  d i s c r i m i n a t e  m a g m a t i c  n i c k e l  s u l p h i d e  
o r e b o d i e s .  
T r a d i t i o n a l  s u r f a c e  g e o p h y s i c a l  e x p l o r a t i o n  m e t h o d s  h a v e  p r o v e n  t o  b e  o f  l i t t l e  u s e  i n  
t a r g e t i n g  m a g m a t i c  n i c k e l  s u l p h i d e s  w i t h i n  t h e  B l a c k  S w a n  S u c c e s s i o n .  G r o u n d  
m a g n e t i c  a n d  g r a v i t y  s u r v e y s  w e r e  d e e m e d  s u p e r f l u o u s  d u e  t o  t h e  n a t u r e  o f  t h e  
w e a t h e r i n g  p r o f i l e .  N o  g r o u n d  e l e c t r o m a g n e t i c  a n o m a l i e s  c o u l d  b e  d i r e c t l y  a t t r i b u t e d  t o  
a  r e s p o n s e  f r o m  t h e  m a s s i v e  n i c k e l  s u l p h i d e s .  
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W i t h i n  t h e  B l a c k  S w a n  S u c c e s s i o n ,  t h e  C r o n e  T h r e e  C o m p o n e n t  s y s t e m  i s  r o u t i n e l y  u s e d  
t o  h e l p  d e l i n e a t e  t h e  o r e b o d y  a s  d e s c r i b e d  b y  A m a n n  &  P i e t e l a  ( 1 9 9 8 ) .  D H T E M  w a s  
n o t e d  a s  t h e  m o s t  u s e f u l  t o o l  i n  d i r e c t i o n a l  d e e p  d r i l l i n g  a n d  f o r  s t e r i l i z a t i o n  o f t h e  t a r g e t  
b a s a l  c o n t a c t  a r o u n d  b a r r e n  h o l e s .  
T h u s ,  i t  c a n  b e  s e e n  t h a t  t h e  B l a c k  S w a n  S u c c e s s i o n  o r e b o d i e s  a r e  d i f f i c u l t  t o  d e t e c t  w i t h  
c o n v e n t i o n a l  g e o p h y s i c a l  t e c h n i q u e s ,  w i t h  t h e  e x c e p t i o n  o f  D H T E M ,  w h e r e b y  o n e  m u s t  
b e  w i t h i n  a p p r o x i m a t e l y  5 0 m  o f t h e  o r e b o d y .  
T h e  t r a d i t i o n a l  g r o u n d  a n d  d o w n h o l e  t e c h n i q u e s  w e r e  n o t  s u c c e s s f u l  i n  g e o p h y s i c a l l y  
t y p e c a s t i n g  t h e  s u l p h i d e  m i n e r a l i s a t i o n .  T h e  a i m  o f  t h i s  s t u d y  i s  t o  g e o p h y s i c a l l y  
t y p e c a s t  K o m a t i i t e  f l o w s  h o s t i n g  m i n e r a l i s a t i o n  s o  t o  d i s c r i m i n a t e  t h e  t r o u g h  f r o m  t h e  
f l a n k s  t h u s  p r o v i d i n g  v e c t o r s  t o  t h e  n i c k e l  s u l p h i d e  m i n e r a l i s a t i o n .  
A s  a l r e a d y  n o t e d  t h e r e  i s  c o m m o n l y  n o  d i s t i n c t  v a r i a t i o n  i n  m a g n e t i c  s i g n a t u r e s  b e t w e e n  
t h e  K o m a t i i t e s  a n d  t h e  f e l s i c  v o l c a n i c  r o c k s  w i t h  t h e  B l a c k  S w a n  S u c c e s s i o n .  T h e  
c o n d u c t i v i t y  o f  t h e  r o c k s  s h o u l d  i n d i c a t e  t h e  p r e s e n c e  o f  m a g m a t i c  n i c k e l  c o p p e r  
s u l p h i d e s .  V a r i a t i o n  i n  d e n s i t i e s  o f  t h e  r o c k s  h a s  n o t  b e e n  s t u d i e d  i n  d e t a i l  a n d  r e q u i r e s  
c o n s i d e r a t i o n .  
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3 . 0  M E T H O D O L O G Y  
3 . 1  T h e o r y  o f  G e o p h y s i c a l  T e c h n i q u e s  U t i l i s e d  
F a l l o n  e t  a l .  ( 1 9 9 7 )  c l a s s i f y  t h e  m e a s u r a b l e  g e o p h y s i c a l  p r o p e r t i e s  o f  r o c k s  i n t o  s i x  b r o a d  
g r o u p s :  
•  r a d i o g e n i c  - n a t u r a l  g a m m a ,  X R D ,  X R F ;  
•  m a s s  p r o p e r t i e s  - d e n s i t y ,  p o r o s i t y ,  p e r m e a b i l i t y ;  
•  m a g n e t i c  - s u s c e p t i b i l i t y ,  r e m a n e n c e ;  
•  s t r e n g t h  - s o n i c v e l o c i t y ,  P o i s s o n ' s  r a t i o ,  e l a s t i c  m o d u l i ;  
•  e l e c t r i c a l  - r e ; i s t i v i t y  o r  c o n d u c t i v i t y ,  i n d u c e d  p o l a r i s a b i l i t y ;  a n d , 
  
•  o p t i c a l  - r e f l e c t a n c e ,  l u m i n e s c e n c e . 
  
I n  t h i s  s t u d y ,  t h e  m a g n e t i c ,  m a s s  a n d  e l e c t r i c a l  p r o p e r t i e s  o f  v a r i o u s  f a c i e s  o f  t h e  B S S  
w e r e  m e a s u r e d .  T  h e  a c t u a l  t e c h n i q u e s  i n c l u d e d  m  a g n e t i c  s u s c e p t i b i l i t y ,  d e n s i t y ,  a n d  
c o n d u c t i v i t y .  A  d e s c r i p t i o n  o f  e a c h  o f  t h e  t e c h n i q u e s  i s  o u t l i n e d  b e l o w .  
3 . 1 . 1  I n d u c e d l R e m a n e n t  M a g n e t i s m  a n d  S u s c e p t i b i l i t y  
M a g n e t i c  s u r v e y i n g  m e t h o d s  m e a s u r e  t h e  a b s o l u t e  c h a n g e s  i n  t h e  E a r t h ' s  m a g n e t i c  f i e l d  
( r e f e r  F i g u r e  3 . 1 ) .  T h e  E a r t h ' s  m a g n e t i c  f i e l d  i s  a  v e c t o r  c o m p r i s e d  o f  t w o  c o m p o n e n t s ­
i n d u c e d  a n d  r e m a n e n t  m a g n e t i s a t i o n .  T h e  p r o p e r t i e s  o f  t h e  s u b s u r f a c e  m a t e r i a l s ,  w h i c h  
p r o d u c e  v a r i a t i o n s  i n  t h e  E a r t h ' s  m a g n e t i c  f i e l d ,  a r e  m a g n e t i c  s u s c e p t i b i l i t y  v a r i a t i o n s  
a n d  r e m a n e n t  m a g n e t i s a t i o n .  
I n d u c e d  m a g n e t i s m  i s  a c q u i r e d  w h e n  t h e  e l e m e n t a r y  d i p o l e s  w i t h i n  a  m a t e r i a l  b e c o m e  
a l i g n e d  w i t h  a n  e x t e r n a l  f i e l d ,  s u c h  a s  t h a t  o f  t h e  E a r t h .  T h e  s t r e n g t h  o f  t h e  i n d u c e d  
m a g n e t i s a t i o n  d e p e n d s  o n  t h e  s t r e n g t h  o f  t h e  a p p l i e d  f i e l d  a n d  a  p r o p e r t y  o f  a  m a t e r i a l  
k n o w n  a s  i t s  m a g n e t i c  s u s c e p t i b i l i t y  ( K ) .  
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F i g u r e  3 . 1  T h e  E a r t h ' s  m a g n e t i c  f i e l d  r e p r e s e n t e d  b y  a  b a r  m a g n e t  i n c l i n e d  t o  t h e  a x i s  o f  r o t a t i o n .  
N o t e  t h a t  t h e  s o u t h  o r  n e g a t i v e  p o l e  o f  t h e  b a r  m a g n e t  i s  a c t u a l l y  l o c a t e d  a t  t h e  g e o g r a p h i c a l  
n o r t h  e n d  o f  t h e  E a r t h .  A  c o m p a s s  p o i n t s  t o  n o r t h  b e c a u s e  i t  b e c o m e s  a l i g n e d  w i t h i n  t h e  d i r e c t i o n  
i n  w h i c h  t h e  f l u x  l i n e s  o f  t h e  E a r t h  a r e  f l o w i n g .  ( F r o m  M a r i o n ,  1 9 7 6 . )  
M a g n e t i c  s u s c e p t i b i l i t y  i s  t h e  d i m e n s i o n l e s s  r a t i o  o f  t h e  f i e l d  i n d u c e d  i n  t h e  m a t e r i a l  t o  
t h e  e x t e r n a l  m a g n e t i c  f i e l d .  S u s c e p t i b i l i t y  i s  p r i m a r i l y  c o n t r o l l e d  b y  t h e  m a g n e t i t e  
c o n t e n t  o f  t h e  r o c k .  A l l  m a t e r i a l s  h a v e  a  m a g n e t i c  s u s c e p t i b i l i t y .  
M o s t  m a t e r i a l s  d i s p l a y  d i a m a g n e t i c  b e h a v i o u r ,  c o r r e s p o n d i n g  t o  a  n e g a t i v e  s u s c e p t i b i l i t y  
a n d  a  s m a l l - i n d u c e d  f i e l d  o p p o s i n g  t h e  a p p l i e d  f i e l d .  S u b s t a n c e s  c o n t a i n i n g  u n p a i r e d  
e l e c t r o n s  d i s p l a y  p a r a m a g n e t i c  b e h a v i o u r ,  w h i c h  c o r r e s p o n d s  t o  a  s m a l l ,  p o s i t i v e  
s u s c e p t i b i l i t y .  T h i s  i s  i n d e p e n d e n t  o f  t h e  a p p l i e d  f i e l d  b u t  d e p e n d e n t  o n  t e m p e r a t u r e .  
M a t e r i a l s ,  w h i c h  s h o w  a  n a t u r a l  a l i g n m e n t  o f  m a g n e t i c  m o m e n t s  i n  s m a l l  d o m a i n s  i n  t h e  
p r e s e n c e  o f  a n  a p p l i e d  f i e l d ,  d i s p l a y  f e r n  m a g n e t i c  b e h a v i o u r .  I n  t h i s  c a s e ,  s u s c e p t i b i l i t y  
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x 10' emu 
Average 
Graphite -8 Arsenopyrite 240 
Quartz -1 Haematite 40-3000 550 
Calcite -0.6- -I Cbromite 240-9400 600 
Clays 20 Pyrrhotite 102-5 x 10' 125,000 
Sphalerite 60 llmenite 2.5xlO' - 3xlO' 1.5 x 108 
Pyrite 4-420 130 Magnetite 10'-1.6 x 10' 5 X 108 
Pyrite 4-420 130 
(After Telford et aI., 1990) 
Once the applied or external field is removed, the induced magnetisation is lost. 
However, many rocks are capable of carrying a remanent or pennanent magnetisation 
that remains after the external field is removed. It is regarded as a static property 
independent ofweak applied fields. 
There are many ways a rock can acquire natural remanent magnetisation (NRM). The 
most important is the thenno-remnant magnetisation (TRM), which results when 
magnetic material is cooled below the Curie point in the presence of an external field. Its 
direction depends on the direction of the field at the time and place where the rock is 
cooled. 
Remanence, while also dependant upon magnetite content, is sensitive to factors such as 
grainsize, microstructure of magnetic minerals and geological history (Clark & Emerson, 
1991). Figure 3.3 shows the ranges of natural remanent magnetisation of common rock 
types. 
Most modem magnetometers only measure total field intensity. As there are several 
types of magnetometers, each is chosen with respect to the type of survey (e.g. ground or 
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Figure 3.3 Magnetic Properties of Minerals. SO" single domain, MD " multidomain, 
PSO " pseudosingle domain, THx" ilmenite-hematite solid solution containing 100x 
mole per cent i1menite. (From Clark and Emerson, 1991.) 
airborne), accuracy required, and ease of use. The magnetometer most commonly used 
for ground surveys is the proton-precession magnetometer. Aeromagnetic methods use 
optically pumped magnetometers. 
Susceptibility can be measured either in the field, on rocks in situ using a hand held 
susceptibility meter (Kappameter), or in the laboratory for hand specimens. Repeated 
readings are taken in the field on flat rock surfaces. These values can then be averaged to 
calculate the geometric mean for each distinguishable rock unit. Susceptibility values are 
plotted against a logarithmic scale as susceptibility data form a log normal distribution 
(see Tarling, 1996). 
Remanent magnetisation measurements can only be measured in the laboratory by using 
a spinner or astatic magnetometer. 
3.1.2 Remanence ofUltramajic Rocks 
Clark & Emerson (1991) state that the remanence carried by magnetically soft 
multidomain magnetite, which is the dominant magnetic phase in many rocks, is 
dominated by viscous magnetisation. This remanence is subparallel to the present field 
and therefore augments the induced magnetisation, enhancing the effective susceptibility; 
this is common in serpentinites. Thus, most anomalies can be interpreted in terms of 
magnetisation by induction, even when typical Koenigsberger ratios are comparable to 
unity. However, the anomaly amplitudes may be larger for a given source geometry than 
measured susceptibilities indicate, due to the viscous remanent magnetisation. 
The natural remnant magnetisation (NRM) should be lowest in the talc-carbonate rocks 
and highest in the serpentinised ultramafics as these contain the greatest volume of 
magnetic oxide (Emerson, 1991). The neglect of remanence may therefore mislead 
quantitative interpretation, even though the anomaly form is consistent with an induced 
response parallel to the present field. Remanence does not appear to affect dip or shape 
interpretation, just amplitude. 
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3.1.2 Density 
Density as defined by OIhoeft & Johnson (1989), is a physical property that changes 
significantly among various rock types owing to differences in mineralogy and porosity. 
Density is calculated by the equation: 
D=mIV 
where the density d is defined as the quotient of the mass m and the volume V of a 
material. The SI unit for density is kg/m·3 Cl g/cm·3 = 103 kg/m·3). 
The bulk densities of rocks depend on their mineral composition, the content of enclosed 
pore or fracture space, and the filling material. 
The total rock density can be calculated (Schon, 1996) using the equation: 
d = Sum (nlsumlI=l)(VIIV).dI 
where: 
d, (bulk density) refers to the mean density of the rock volume, including pore or fluid 
density; 
d] is the density of an individual rock component I; 
dm is the mean density of the solid matrix material; and, 
dp is the mean density of the pore- (or fracture) fluid. 
In addition, where dj is the density and VI is the volume of the component i; the ratio VI 
N is the volume fraction of the component i. 
As the volume content of pores and/or cracks is relatively small in igneous rocks and 
most metamorphic rocks, this element can be ignored. In contrast, sedimentary rocks are 
generally porous and 'dense', with the influence of pore volume or porosity, and pore 
filling on bulk density being very strong. 
62 
Igneous rocks are generally denser than sedimentary rocks, although there is considerable 
overlap. The mean density ranges for igneous and metamorphic rocks are illustrated in 
Table 3.2. As a result of the very small influence of the pore- or fracture volume, the 
range 0 f values f or each rock type is qu ite s mall. There is a Iso a tendency towards 
increasing density from acid to basic rocks (refer Figure 3.4). 
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Bauxite 2.3-2.55 2.45 
Limonite 3.5-4.0 3.78 
Siderite 3.7-3.9 3.83 
Chromite 4.3-4.6 4.36 
llmenite 4.3-5.0 4.67 
Pyrolusite 4.7-5.0 4.82 
Magnetite 4.9-5.2 5.12 
Haematite 4.9-5.3 5.18 
Cuprite 5.7-6.15 5.92 
Sulphides, arsenides 
Sphalerite 3.5-4.0 3.75 
. Malachite 3.9-4.03 4.0 
Chalcopyrite 4.1-4.3 4.20 
Pyrrhotite 4.5-4.8 4.65 
Marcasite 4.7-4.9 4.85 
Pyrite 4.9-5.2 5.0 
Bornite 4.9-5.4 5.10 
Chalcocite 5.5-5.8 5.65 
Cobaltite 5.8-6.3 6.10 
Arsenopyrite 5.9-6.2 6.10 
Galena 7.4-7.6 7.50 
Pentlaodite 4.6-5.0 
Graphite 1.9-2.3 2.15 
Gypsum 2.2-2.6 2.35 
Kaolinite 2.2-2.63 2.53 
Orthoclase 2.5-2.6 
Quartz 2.5-2.7 2.65 
Calcite 2.6-2.7 
Anhydrite 2.29-2.30 2.93 
Biotite 2.7-3.2 2.92 
Magnesite 2.9-3.12 3.03 
Pyroxen-ortho 3.21-3.96 
Fayalite FeSiO. 4.39 
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Krutikhovskaya et al., 1979 
Figure 3.4 Densities of Common Metamorphic Rocks (g/cm3). 
Density generally increases with the degree of metamorphism because the process tends to 
fill pore spaces aod recrystallise the rock into a denser form (Telford et aI., 1990). Non-
metallic minerals generally have lower densities thao the average for rocks (2.67 g1cm3). 
Although metallic minerals tend to be heavier thao this average, they rarely occur in their 
pure forms in large volumes, aod hence their effect is normally not great (Telford et al., 
1990). 
Density is not co=only measured in situ but it cao be measured by borehole logging 
tools. The density log, or gamma-gamma log, is a commonly used nuclear log. Nuclear 
logs are related to measurement of natural or induced radioactivity in a formation. The 
logs record only the bulk density, Le. overall density, including solid matrix and fluid 
enclosed in the pores. From a geological perspective, the bulk density of a rock is a 
function of the density of the minerals forming the rock. Qualitatively, density is a useful 
lithology indicator, aod cao also be used to identify certain minerals. 
The logging tools have a medium energy, natural gamma-ray source' aod two detectors 
mounted in a metal, plough-shaped pad kept in finn contact with the borehole wall. The 
tool makes use of the photoelectrical effect. At energy levels below scattering, gamma 
rays become so attenuated that they are captured aod absorbed. With a gamma-gamma 
density log, density is measured based on Compton scattering. The density is not 
measured in g1cm3 but rather electron density, where the difference between the atomic 
weight aod the atomic number of the atoms is measured, making use of the photoelectric 
effect. The effect is dependent on both mediums' electron density aod atomic number. 
The log records the formation photoelectric absorption index (Tully, 1994). 
This gamma-gammadensitydjg (or electron density) is related tothe density defined 
above as: 
Dig = d. (2.Z/A) 
where Z is the atomic number aod A the atomic mass. 
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The tools have a medium energy natural gamma-ray source and two detectors mounted in 
a metal, plough-shaped pad kept in firm contact with the borehole wall. The counting-
rates made b y both detectors 0 f gamma-ray attenuation du e tot he effect a re directly 
related to electron density, which can be related to bulk density (McCann et al., 1981). 
3.1.3 Resistivity / Conductivity 
Electrical prospecting involves the detection of surface effects produced by electric 
current flow in the ground. Using electrical methods it is possible to measure potentials, 
currents, and electromagnetic fields that occur naturally, or are introduced artificially in 
the earth. Electrical methods include self-potential (SP), resistivity including 
electromagnetic (EM), mise-a-Ia-masse, magnetotellurics (MT), and induced polarisation 
(IP). 
The apparent resistivity of rocks and minerals is the physical property that determines the 
applicability of electrical and electromagnetic methods (Rutter, 1999). In the application 
of electrical methods the physical property of resistivity is used, whereas in the 
electromagnetic methods the same property is termed conductivity. Table 3.3 provides 
an extensive list of resistivity values for rocks. A conductor is defmed as a material of 
resistivity less than 10's ohm/metre, whereas an insulator is one having a resistivity 
greater than 107 ohm/metre. Conductors, such as the sulphide metals and graphite 
contain a large number of free electrons whose mobility is very great. Semi-conductors 
have fewer mobile electrons that carry current. The insulators are characterised by ionic 
bonding so that the valence electrons are not free to move. 
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Unconsolidated Wet Clay 
Clays 
(after Te1ford et aI., 1990) 
Resistivity Range (() m) 
4.5xlo'(wet) - I.3XIO'(dry) 
4 x 10'(wet) 
10' - 10' 
1.9 x 10'(wet) - 2.8x 10' (dry) 
10-5 x 10'(wet) -3.3 x 10' (dry) 
2.5 x 10' (wet) - 6 X 10' (dry) 
2x 10' -2x 10'(wet) -1.8 x Io'(dry) 
60-10'  
2x 10' (wet) 
4.5 x 10' (wet) - 1.7 X 10' (dry) 
20-5x10' 
lo'-5xlO' 
10' - 10' 
10 - I.3 X 10' (dry) 
10' - 6 x 10' (wet) 
3 x 10' (wet) - 6.5 x 10' (dry) 
20 - 10' 
2 x 10' (wet) - 10' (dry) 
10 _10' 
6x 10'-4x 10' 










Ohm's Law is the starting point for the direct current resistivity method. The Law states: 
R=t5VII 
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Where R is the electrical resistance, OV is the potential difference and I is the intensity of 
the current and is measured in ohms. This equation can be easily related to a piece of 
wire. The concept of resistivity involves the cross sectional area of the wire, or any other 
substance through which the current is flowing. 
Resistivity (p) = RAIL. 
Where A is the area of the wire (in square meters) and L is length. Resistivity is denoted 
by the Greek Letter p, and the resistivity unit is obm-metre. The reciprocal of Resistivity 
is conductivity and is denoted by the Greek letter cr, and the units siemens per meter 
(S/m). 
An induction log involves the same principle as frequency domain electromagnetic 
prospecting. A schematic diagram of an induction log is shown inFigure3.5. The 
electromagnetic field produced by a transmitting coil induces magnetic and electric fields 
in the rocks around the hole. These fields generate in-phase and quadrature secondary 
magnetic fields at the receiver (Frignet, 1986). The induction-log signal is proportional 
to the conductivity of the formations. 
Down hole electromagnetics (DHEM) involves transmitting an oscillating electric current 
into a wire loop positioned close to the area of interest (surface loops are the most 
common, but underground loops have been used). This results in an oscillating magnetic 
field being generated, which is detected by the receiver probe, positioned in a drill hole 
(Figure 3.6). The receiver is a coil, orientated so that it is co-axial with the drillhole. 
A profile is built up by taking measurements of the change in magnetic field with time at 
a number of stations, usually at 5-IOm intervals, along the hole. The magnetic field is 
composed of the primary field contribution (derivative of transmitted field) and the 
secondary field (Figure 3.7). The primary field contribution is a simple series of pulses 
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Figure 3.5 Induction log schematic. The tool itself is made of nonconducting material. 
(From Telford et aI., 1990.) 
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Figure 3.6 In DHEM, measurements are taken by a sensor coil that is lowered down the drillhole. 
The anomaly from an offhole, flat-lying conductor that is located directly beneath the transmitter loop 
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Staltari, 1988). The transient voltage decay is sampled during the interval between pulses 
of current. 
If conductors are present, an anomaly will appear on the profile. From the shape of this 
anomaly, the size and approximate position of the conductor can be determined. More 
conductive bodies produce longer decays, and their anomalies can be recorded at later 
times (Wellington, 1997). DHEM is used in mine extensional exploration as it can 
increase the efficiency of the drilling in a number ofways: 
• Drill spacings can be increased as DHEM has a large search radius around a drill hole 
(this search radius depends on the size and conductivity of the target). 
• When an anomaly is detected, a vector towards the mineralisation can be given 
through detailed modelling. 
• When mineralisation is intersected, DHEM surveys can give an indication of the size 
of the body and its attitude. 
• Areas where no anomalies are detected can be identified as having minimal potential 
therefore lowering drill priority (Wellington, 1997). 
The application of down-hole EM, in particular transient EM (DHTEM), has become 
more common in recent years, even though interpretation of the results is often difficult. 
The field procedure is simple. The transmitting loop is laid out on the surface, either over 
the zone of investigation or off to one side, depending on the directional information 
being sought. A square wave is transmitted into this loop for impulse response systems. 
The receiving loop is raised up the hole stopping at discrete intervals to take readings. 
The purpose of down-hole EM surveys is to locate a conductive body recognised in the 
surface data but not intersected in the drilling. 
3.1.5 Induced Polarisation 
When a current is flowing in the ground, some parts of the rock mass become electrically 
polarised. If this electric current is terminated, the voltage between the potential 
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electrodes does not drop to zero instantaneously. It relaxes for a period of several 
seconds starting with an initial value, which is a small fraction of the voltage Vp when the 
current was flowing. This event is termed induced polarisation (IP), whereby the ionic 
current flow is converted to electronic current flow. Disseminated sulphide minerals can 
produce large polarisation effects, and IP techniques are widely used in exploring for 
base metals. 
Induced polarisation can be measured in the time-domain as a voltage decay curve, in the 
frequency-domain as a voltage difference with variation in frequency, and in the phase-
domain as a phase lag angle (Sumner, 1979). The residual voltage V existing at a definite 
time t (msecs) after the current is switched off, is compared with the maximum primary 
voltage Vp measured while the current was flowing. Time-domain chargeability is 
expressed in terms of decay voltage at times later than 1/l0ms. It is qnite common to 
measure an area under a decay curve using integrating circnitry rather than instantaneous 
voltage. When the integral of the time is used, results depend on the length of the 
integration period as well as the delay, and are quoted in milliseconds. This is the 
chargeability integral. 
Chargeability can be considered as a fundamental measure of the intrinsic polarisability 
of a rock. It is sometimes known as intrinsic lP or as the intrinsic chargeability response. 
This can be measured in a laboratory, a drillhole, or on the surface when employing small 
physical property arrays. In field surveys, the target is rarely measured directly and 
geometric problems will cause the lP response measured to be apparent chargeability that 
is analogous to apparent resistivity, which is also measured in an lP survey. 
In frequency-domain IP, the apparent resistivity is measured at two frequencies: F, and f 
which is «F. The input voltage is a square wave. The apparent resistivity is calculated 
and IP is expressed as the apparent frequency effect: 
FEF/= Pa/-Pa/lpa/ 
74 
where p.r is the apparent resistivity at the lower frequency and PaF is the apparent 
resistivity at high frequency. If this ratio is expressed as a percentage change in p. then a 
number called Percent Frequency Effect or PFE is used. F is in the range I-10Hz and f is 
usually in the range of 0.05-0.5Hz. Another measurement of JP in the frequency domain 
is the metal factor (MF) where the Percentage Frequency is divided by the dc resistivity. 
MF = PFE/pa x 2000 
In SI units, the metal factor has dimensions of Siemens per metre. Metal factors are 
useful in exploring for massive sulphides or rocks with a significant sulphide content. 
Phase domain JP can be considered as a frequency domain method or as a separate 
method. If a sinusoidal waveform transmitting system and a voltage receiving system are 
temporarily linked, the phase shift between the transmitted field and the received voltage 
can be measured. This phase difference, determined either in time or as a phase angle, 
gives the polarisation anomalies of the intervening earth in milliradians. If a number of 
different frequencies are utilised, a polarisation spectrum can be plotted (pelton et al., 
1978; Tyne & Daggar, 1990). Most endeavours to distinguish between sources of JP are 
based on analysis of spectral curves. 
3.2 Geophysical measurements 
The objective of the study was to find a relationship between rock types and physical 
properties using measurements taken on diamond drill core and downhole logging. 
Physical properties reflect the present mineralogy of a rock unit. It is important to form a 
classification scheme based on present mineralogy and use it to relate physical properties 
such as magnetic susceptibility, conductivity, and specific gravity data to lithology, 
particularly when protoliths are not easily recognised in hand specimen. A relationship is 
then established between present mineralogy and protolith, and an inferred classification 
based on protolith is attempted. This proved to be difficult, as the variable metamorphic 
influences within the Black Swan Succession have resulted in wide ranging and 
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inhomogeneous mineralogical assemblages, with complex distribution and composition 
of magnetic oxide minerals. 
Magnetic susceptibility, specific gravity, and conductivity readings were taken on 
diamond core samples (refer to Appendix 3). Diamond holes and sample intervals were 
chosen to represent the rock types mapped by the mine geologists from a number of holes 
throughout the Black Swan Succession. The position of the diamond holes from which 
the data was collected is illustrated on a simplified geology map (Figure 3.8). Refer to 
Appendix 4 for details of data acquisition. 
Down-hole magnetic susceptibility, inductive conductivity, resistivity and gamma-
gamma measurements were made on selected intervals within diamond holes BSD44A 
and BSD59 (Appendices 5&6) using the OMS-LOGG system described in Appendix 4. 
The diamond holes studied were chosen based on the availability of the data and position 
within the Black Swan Succession. BSD 44A and BSD 59 were selected as 
representations of the channel facies environment. BSD 86 was selected as 
representative of the thin flow environment, however the hole could not be re-entered by 
the logging tool due to obstructions downhole. 
A common set of procedures was applied to all logs. To effect comparisons between 
sensors, all of the data was splined to a common depth increment and reference datum. 
The dynamic signal ranges from magnetic susceptibilities and conductivities were log 10 
transformed, where indicated, to highlight the fine detail. All the logs were smoothed 
using a seven-point Savitzky-Golay filter. This filter moves down the hole computing 
weighted moving averages of the values, thus smoothing out the data and eliminating 
small-scale noise. 
A more thorough approach would be for the mine geologist to visually log the hole with 
the results of the geophysical logging at hand. The mine geologist may then pay 
particular attention to part of the core where there are no visible changes to the naked 
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eye, but subtle difference may be noted on closer inspection as indicated by the 
geophysical logs. There is no doubt that geological logging to the standard as that 
prepared by CSIRO are enormously valuable and should be done initially where possible, 
although in practice such experts are not always available. The core should however, be 
studied more closely after the initial evaluation. 
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3 . 3  C o m p a r i s o n  o f  G e o l o g i c a l  a n d  G e o p h y s i c a l  L o g g i n g  -
D o w n  H o l e  a n d  o n  C o r e  
O M S  L o g g  d a t a  a v a i l a b i l i t y  g o v e r n e d  t h e  s e l e c t i o n  o f  B S D  4 4 A  a n d  B S D  5 9  ( r e f e r  t o  
f i g u r e  3 . 8 )  f o r  s t u d i e s  u s e d  i n  a n  a t t e m p t  t o  i d e n t i f y  a n d  c o r r e l a t e  r e l a t i o n s h i p s  b e t w e e n  
t h e  p e t r o p h y s i c a l  p r o p e r t i e s  o f t h e  h o s t  K o m a t i i t e ,  i t s  f a b r i c  a n d  p e t r o l o g y .  
T h e  p r i n c i p a l  a i m  o f  t h e  m i n e  g e o l o g i s t  w h e n  l o g g i n g  c o r e ,  i s  t o  d e t e r m i n e  t h e  p r o t o l i t h ,  
t h e  h a n g i n g  w a l l  a n d  f o o t w a l l  c o n t a c t s ,  a n d  t h e  p r e s e n c e  a n d  t y p e  o f  o r e .  H o w e v e r ,  t h e  
m i n e  g e o l o g i c a l  l o g s  ~end t o  r e p r e s e n t  t h e  p r e s e n t  m i n e r a l o g y ,  w h i c h  i s  i n f l u e n c e d  b y  
I  
a l t e r a t i o n .  T h e  C S I R O  l o g g i n g  p r o t o c o l  d e s c r i b e s  t h e  r o c k s  i n  t e r m s  o f  i n t e r p r e t e d  
p r o t o l i t h ,  d e s c r i b e d  i n  K o m a t i i t e  v o l c a n o l o g i c a l  t e r m s .  
G e o p h y s i c a l  l o g s  p r o v i d e  o b j e c t i v e  c r i t e r i a  f o r  d i f f e r e n t i a t i n g  l i t h o l o g i e s  o n  t h e  b a s i s  o f  
c o m p o s i t i o n a l  e f f e c t s .  I f  t h o s e  c o m p o s i t i o n a l  c h a n g e s  a r e  m i n i m a l ,  i t  i s  p o s s i b l e  t h a t  
t h e y  w i l l  n o t  b e  r e c o g n i s e d  b y  t h e  g e o l o g i s t .  C o n v e r s e l y ,  r o c k s  t h a t  a r e  c o m p o s i t i o n a l l y  
s i m i l a r  b u t  t e x t u r a l l y  d i s t i n c t  w i l l  n o t  b e  d i s c r i m i n a t e d  b y  g e o p h y s i c a l  l o g g i n g ,  b u t  m a y  
b e  m o r e  v i s i b l e  t o  t h e  f i e l d  g e o l o g i s t .  T h i s  i s  a n  o b v i o u s  l i m i t a t i o n  o f  t h e  m e t h o d o l o g y .  
I n t e r p r e t e d  v o l c a n o l o g i c a l  C S I R O  l o g g i n g  b a s e d  o n  m i n e r a l o g i c a l  a n d  t e x t u r a l  
d i f f e r e n c e s  p r o v i d e d  m o r e  b o u n d a r i e s  t h a n  t h a t  o f  t h e  m i n e  g e o l o g i s t  l o g g i n g  ( r e f e r  t o  
f i g u r e  3 . 9 )  a n d  a p p e a r s  t o  c o r r e l a t e  r e l a t i v e l y  w e l l  w i t h  t h e  d o w n h o l e  g e o p h y s i c s  ( r e f e r  t o  
f i g u r e  3 . 1 0 ) .  S e e  A p p e n d i x  6  a n d  7  f o r  g e o l o g i c a l  l o g s .  
T h e  C S I R O  g e o l o g i c a l  l o g g i n g  d o c u m e n t s  t h e  p r i m a r y  v o l c a n o l o g i c a l  r o c k  t y p e  t h a t  i s  
i n t e r p r e t e d  f r o m  t h e  p r e s e n t  m i n e r a l o g y  a n d  t e x t u r e s .  P l o t s  w e r e  a l s o  m a d e  o f  t h e  
p e t r o p h y s i c a l  m e a s u r e m e n t s  t a k e n  o n  c o r e  v e r s u s  B l a c k  S w a n  M i n e  a n d  C S I R O  l o g g e d  
r o c k  t y p e .  T h e  r e s u l t s  w i l l  b e  d e s c r i b e d  i n  m o r e  d e t a i l  i n  t h e  f o l l o w i n g  c h a p t e r .  
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Figure 3.9 
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As a first p ass evaluation t he logging done b y t he m ine geologist m ay b e sufficient, 
particularly when the primary aim of the hole is to test the basal contact of the Komatiite 
flow. A more thorough approach would be for the mine geologist to geologically log the 
hole with the results of the geophysical logging at hand. The mine geologist may then 
pay particular attention to part of the core where there are no visible changes to the naked 
eye, but subtle difference may be noted on closer inspection as indicated by the 
geophysical logs. There is no doubt that geological logging to the standard as that 
prepared by CSIRO are enormously valuable and should be done initially where possible, 
although in practice such experts are not always available. The core should however, be 
studied more closely after the initial evaluation. 
3.4 Petrology 
An initial evaluation of the down-hole petrophysical measurements, together with 
geological core logging, was used as a base in choosing specimens for detailed 
petrographic study. The specimens chosen covered a wide range ofrock types, Komatiite 
textures, susceptibilities, densities and conductivity. Ten centimetre long, quarter-BQ 
drillcore samples were cut, and thin sections were made. The representative core samples 
were described in terms of the geology, mineralogy and geomechanical properties. The 








The objective was to find a relationship between rock types and physical properties using 
measurements taken from diamond drill core and downhole logging. Physical properties 
reflect the present mineralogy of a rock unit. It is important to fonn a classification 
scheme based on present mineralogy and use it to relate physical properties such as 
magnetic susceptibility, conductivity and specific gravity data to lithology, particularly 
when protoliths are not easily recognised in hand specimen. A relationship is then 
established between present mineralogy and protolith, and an inferred classification based 
on protolith is attempted. This proves to be difficult, as the variable metamorphic 
influences within the Black Swan Succession have resulted in wide ranging and 
inhomogeneous mineralogical assemblages, with complex distribution and composition 
ofmagnetic oxide minerals. 
4.1 Petrophysical Measurements on DiamondDrillcore 
Magnetic susceptibility, conductivity and specific gravity readings were taken of various 
intervals of diamond holes throughout the BSS. The intervals chosen represent rocks of 
varying composition, texture and metamorphic grade. As mentioned earlier, the rocks 
have been geologically logged in tenns of present mineralogy and interpreted primary 
mineralogy (protolith) by the mine geologist and CSIRO respectively. The geological 
logs are located in Appendix 6 and 7, and the petrophysical results are tabulated in 
Appendix 3. 
Volcanic stratigraphy was subdivided by the author into the major rock units: felsic 
volcanic, porphyry, ultramafic, ultramafic with disseminated sulphides, massive 
sulphides, and mafic intrusive. 
Cross plots of the petrophysical measurements were made (Figures 4.1,4.2 & 4.3). 
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Figure 4.1: Magnetic Susceptibility & Specific Gravity of Core Samples 
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Figure 4.2: Conductivity & Magnetic Susceptibility of Core Samples 
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Figure 4.3: Specific Gravity and Conductivity of Core Samples 
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4.1.1 Magnetic Susceptibility & Specific Gravity 
Two populations are evident on the cross plot between magnetic susceptibility and 
specific gravity which are outlined on Figure 4.1. The two populations consist of: 
i-samples with a low specific gravity (2.65-2.85) and low magnetic susceptibility; 
iia - medium to high specific gravity (2.7-3.10) and medium magnetic susceptibility; 
and, 
iib- samples with high magnetic susceptibility and varying specific gravity. 
4.1.2 Conductivity & Magnetic Susceptibility 
Again two populations are evident on the cross plot between conductivity and magnetic 
susceptibility (refer to Figure 4.2). The delineating factor appears to be magnetic 
susceptibility. 
The three populations consist of: 
i-samples with low magnetic susceptibility and varying conductivity; 
iia- samples with medium magnetic susceptibility; and varying conductivity; and 
iiib- samples with high magnetic susceptibility and varying conductivity. 
4.1.3 Specific Gravity & Conductivity 
Two elongate populations can be noted on the conductivity and specific gravity cross 
plot. The populations can be predominantly distinguished by the specific gravity values 
(refer to figure 4.3). The two populations consist of 
i- samples with a low specific gravity (2.65-2.85) and varying conductivity 
ii - medium to high specific gravity (2.7-3.10) and varying conductivity; and, 
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4.1.4 Geological versus Geophysical Discussion 
A general subdivision between ultramafic and felsic rocks is apparent within the above 
cross plots. 
Two subdivisions are evident on the magnetic susceptibility / conductivity and magnetic 
susceptibility / specific gravity plots within the ultramafic population (Figure 4.1). The 
higher magnetic susceptibility population relates to the less altered serpentinite rocks as 
evidenced in Figure 4.4. 
The felsic / intennediate intrusive rocks have the lowest magnetic susceptibility but 
exhibit similar conductivities to the ultramafic rocks (Figure 4.3). The rocks also appear 
to have a lower specific gravity then the ultramafic rock units (Figure 4.2,). 
The ultramafic rocks containing disseminated nickel sulphides also demonstrate higher 
specific gravity than the barren ultramafic rocks (Figures 4.1 & 4.3). 
4.1.5 Geophysical & Logged Geology 
Magnetic susceptibility, specific gravity and conductivity measurements were also 
plotted against the rock types logged by the Silver Swan mine geologist (figures 4.5-4.6) 
and the interpreted volcanological rock types logged by CSIRO. 
The CSIRO geological logging documented the primary volcanological rock type that is 
interpreted from the present mineralogy and textures. Plots were made of the 
petrophysical measurements versus CSIRO logged rock type (figures 4.7 -4.9). Two sets 
of plots were produced using based on the CSIRO geological logging. The first is the 
original CSIRO interpreted rock types and the second is a simplified version (simplified 
by the author) of this geological log. Table 4.1 illustrates the relationship between the 
two CSIRO logs. Table 4.2 represents the Black Swan Mine geological logging legend. 
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· Table 4.3 illustrated the relationship between interpreted primary lithology (interpreted 
by CSIRO) versus present mineralogy (logged by the Black Swan Mine). 
TABLE 4.1 Comparison between Original and Simplified CSIRO Legend 




undifferentiated olivine cumulate Ukm 
UKSpA2 
UKSpA3 
random pyroxene spinifex textured flow 
string-beefpyroxene sPinifex textured flow UKSp 
UpC pyroxene cumulate UpC 
UKSoAl flow top - breccia olivine spinifex textured flow 
UKSoA2 random - plates olivine sPinifex textured flow UKSo 
UKSoA3 books - olivine spinifex textured flow 
UoOC olivine orthocumulate 
UopOC oIivine-pyroxene cumulate 
UoOCH olivine orthocumulate harrisitic texture 
UoOcb olivine orthocumulate bimodal texture 
UoOCbq olivine orthocumulate bimodal-quench texture UoOC 
UoOCP olivine orthocumulate platey texture 
UoOCh olivine orthocumulate hopper texture 
UoOCw olivine orthocumulate wormy texture 
UoOCs olivine orthocumulate sago texture 
UoMC-AC olivine meso-adcumulate cumulate 
UoMCs olivine mesocumulates sago texture DoMC 
UoMCb olivine mesocumulates bimodal texture 
$M massive sulphide $M 
$ disseminated sulphide $ 
F felsic F 
IV intermediate volcanic IV 
M mafic M 
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Figure 4.7a : MAGNETIC SUSCEPTIBILITY & CSIRO ROCK TYPE 
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CSIRO Simplified Rock Type 
Table 4.2 Black Swan Mine Legend 
Black Swan Mine Legend 
Uk undifferentiated Komatiite 
Upstx pyroxene spinifex 
Flow top flow top- olivine spinifex textured flow 
Uostx olivine spinifex textured flow 
Utcw weathered talc carbonate ultramafic 
Utc talcc~bonmeultramafic  
Utcf ferruginous talc carbonate ultramafic 
Uct c~bonate  ultramafic 
Utc/oOC talc carbonate ultramafic exhibiting olivine orthocumulate textures 
Utc/oMC talc c~bonate  ultramafic exhibiting olivine mesocumulate textures 
Uc/oOC c~bonated  ultramafic exhibiting olivine orthocumulate textures 
Ugp Serpentinite 
Utc$ talc c~bonate  ultramafic with disseminated sulphides 
$MS· massive sulphide 
Felsic felsic rock 
M maficrock 
Table 4.3 Interpreted Primary Lithology (CSmO) versus Present Mineralogy 











Mineralogy (Black Swan 
Mine) 
Ukm 







A number of plots were produced in an attempt to find some correlation between the rock 
types and their physical properties. The following observations have been drawn from 
the plots. 
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4.1.6 Magnetic Susceptibility & Logged Mine Geology 
When magnetic susceptibility data was plotted against the geological logs, a number of 
broad lithological relationships were observed (refer Figure 4.4). 
As expected serpentinites exhibited the highest and widest range of susceptibility. Talc 
carbonate rocks showed varying susceptibilities, which varied qualitatively from low to 
medium. 
The massive sulphide samples also exhibited a range of susceptibilities from low to 
medium, with the exception of one high reading. 
The olivine spinifex, pyroxene spinifex and felsic rocks showed relatively low 
susceptibility over a restricted range. However, the ranges for the rock types were similar 
and hence could not be used for identification. 
4.1. 7 Specific Gravity & Logged Mine Geology 
All rock types appear to exhibit overlapping specific gravity ranges. The massive 
sulphides showed the greatest variation in specific gravity hence density. The talc 
carbonate rocks demonstrate some of the lowest values (refer Figure 4.5). 
4.1.8 Conductivity & Logged Mine Geology 
No correlation between lithology and conductivity was observed. Unexpectedly, the 
weathered ferruginised, and normal talc carbonate rocks, showed a wide range of 
conductivity values from low to high. The felsic rocks and the massive sulphides also 
exhibited high values (refer to Figure 4.6). 
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4.1.9 Magnetic Susceptibility & CSIRO Logged Geology 
There was found to be little difference in the magnetic susceptibility ranges of the olivine 
meso-adcumulate, with or without disseminated sulphides,- and the undifferentiated 
olivine cumulate rocks. These rocks show the greatest variation in values. The spinifex­
textured flow rocks have low magnetic susceptibilities in comparison to their cumulate 
counterparts (refer Figure 4.7a & 4.Th). 
4.1.10 Specific Gravity & CSIRO Logged Geology 
The massive sulphide rocks demonstrate the greatest range in specific gravity, followed 
by the rocks containing disseminated nickel sulphides. A2 olivine spinifex-textured flow 
rocks have the lowest specific gravity. The sago-textured olivine orthocumulate shows 
the highest range amongst the sulphide barren ultramafic rocks (refer Figure 4.8a & 
4.8b). The rock types exhibit defined ranges in specific gravity, however these ranges 
tend to overlap. 
4.1.11 Conductivity & CSIRO Logged Geology 
The highest conductivity value for a number of the rock types is 1O,OOO,ooOmv, which is 
obviously the upper detection limit of the measuring instrument. With this fact in mind, 
spinifex-textured flow rocks exhibit the lowest conductivities. Olivine cumulates and 
felsic rocks have varying conductivity ranges (refer Figure 4.9a & 4.9b). 
4.1.12 Discussion 
A general subdivision between ultramafic and felsic rocks is apparent in the above 
crossplots. 
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The felsic / intennediate intrusive rocks have the lowest magnetic susceptibility, exhibit 
similar conductivities to the ultramafic rocks, but are less dense (i.e. display lower 
specific gravities). 
As expected the serpentinites exhibited the highest susceptibility, and the greatest range. 
Serpentinisation usually creates substantial quantities of magnetite (pure & Cr-
magnetite), accounting for the high susceptibility of serpentinised ultramafic rocks. The 
pure magnetite is generally multidomain,well-crysta1lised, almost pure Fe304, which is 
magnetically soft and carries relatively weak remanence (Qn<l). Initially, pure magnetite 
and Cr-magnetite produced during serpentinisation incorporate progressively more Cr. 
Prograde metamorphism (amphibolite facies) of serpentinised ultramafics causes 
increasing substitution of Mg and AI into the magnetite, eventually shifting the 
composition into the paramagnetic field. Thus, metamorphism progressively 
demagnetises serpentinites causing the less altered serpentinite rocks exhibit higher 
magnetic susceptibilities. The effect of metamorphism on magnetic susceptibility is 
illustrated in figure 4.10. 
Spinifex-textured flow rocks have low magnetic susceptibilities in comparison to their 
cumulate counterparts. Talc carbonate rocks show varying susceptibilities, which varied 
qualitatively from low to medium. The massive sulphide samples also exhibit a range of 
susceptibilities from low to medium, with the exception of one high reading. 
All rock types appear to exhibit overlapping specific gravity ranges. The massive 
sulphides show the greatest variation in specific gravity, hence density. 
Density is controlled by three factors: the grain density of minerals forming the mass, the 
porosity and the fluid in the pore space (Emerson, 1990). Therefore, as metamorphism 
effects the mineral composition it will also affect density. Data collected by Bourne 
(1992) from ultramafics sourced from greenstone belts in the Yilgarn Craton (Western 
Australia) - which have undergone Greenschist and Amphibolite facies metamorphism -
shows an increase in mean density of 0.2g/cm3 with increasing metamorphic grade 
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Figure 4.10 Examples of the effect of metamorphism on the magnetic susceptability (S.I.) 
of different rock types. Bars represent total ranges. Hatched areas indicate dominant values. 
(From Bourne, 1992.) 
(figure 4.11). Page (1967), Coleman (1971), Burch (1968) and others have determined 
that a relationship often exists between density and the degree of serpentinisation. Thus, 
the increased density of ultramafic rocks from greenschist to amphibolite facies results 
from replacement of serpentine/talc (2.7g/cm3) by olivine (3.3 g/cm3)' Also, due to the 
high density of magnetite (5.2g/cm3), changes in magnetite content may affect the 
density. Olsen et al. (1991) and Henkel (1976) have also noted magnetite distribution 
affecting the density of similar rock types. This observation is the most probable cause 
for the olivine spinifex-textured flow rocks exhibiting the lowest densities. 
The ultramafic rocks containing disseminated nickel sulphides also demonstrate higher 
specific gravity then the barren ultramafic rocks due to the dense nature of the sulphides. 
4.2 Down Hole Petrophysical Measurements 
Interpreting downhole geophysical logs into useful geological units presents a major 
challenge. Several different approaches have been attempted to resolve this problem. In 
this study two simple approaches were used: 
An intuitive "eyeball approach" - in which contacts were visually selected on the basis of 
a sharp change in physical property levels. Contacts having sequentially lower amplitude 
were selected until there was a complete loss of confidence in the existence of further 
subdivisions. 
Statistical cross correlation, using cross plots of multiple variables was also attempted. 
OHMS Logg data collected from diamond drill hole BSD 44A was studied in detail. The 
results are documented below. 
4.2.1 Intuitive Approach 
Using the intuitive approach some geological contacts were obvious, particularly those 
bounding the ore. The geophysical logs and the interpreted geological contact by the 
author are presented in Figure 4.12. 
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Figure 4.11 Examples of the effect of metamorphism on the densities of different rock types. 
The bars represent total ranges and the hatched areas represent usual ranges. 
Figure 4.12 
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4.2.2 Statistical Cross Correlation 
Cross plots of magnetic susceptibility, conductivity, and gamma-gamma were made and 
results are discussed below. 
4.2.2.1 Conductivity and Magnetic Susceptibility 
The cross plot between conductivity and magnetic susceptibility (refer to Figure 4.13) 
demonstrates the majority of the readings grossly fit within a defined group. However, a 
minority of the results displays varying conductivities. 
4.2.2.2 Conductivity and Gamma-Gamma 
Three populations, differing in gamma-gamma values is observed in the plot of 
conductivity and gamma-gamma (refer Figure 4.14). 
4.2.3.3 Magnetic Susceptibility and Gamma-Gamma 
Figure 4.15a is a plot of gamma-gamma and magnetic susceptibility. This combination 
has proven to be more discriminatory in nature. Seven relatively separate populations are 
evident. 
Population A displays lower gamma-gamma values. Population B has higher gamma-
gamma values and can be differentiated from Population C by a difference in magnetic 
susceptibility. Population D displays a wide range of magnetic susceptibilities and a 
relatively discrete range of gamma-gamma values. Populations E and F display lower 
magnetic susceptibilities (see figure 4.15b) than Population D but appear to have 
differing gamma-gamma median. Population G has higher Gamma-gamma readings 
than Populations E and F. 
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Figure 4.13 
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4.3 Geophysical Versus Geological 
A comparison between the geological mine logs and the geophysical logs was made to 
determine the validity 0 f geophysically determined contacts. In the broad sense, the 
contacts between felsic volcanic rocks and ultramafic rocks were matched. Figures 4.16a 
and 4.16b show these relationships at a smaller scale with a greater number of 
subdivisions. This allows for easier viewing of the interpreted geophysical subdivisions. 
Geophysical logs provide objective criteria for differentiating lithologies on the basis of 
compositional effects. If those compositional changes are minimal, it is possible that 
they will not be recognised by the geologist. Conversely, rocks that are compositionally 
similar, but texturally.distinct will not be discriminated by geophysical logging, but may 
be more visible to the field geologist. This is an obvious limitation of the methodology. 
Interpreted volcanological CSIRO logging based on mineralogical and textural 
differences provided more boundaries than that of the mine geologist logging and 
appeared to correlate relatively well with the downhole geophysics (Refer to figure 4.17a 
&4.17b). 
4.4 Discussion 
4.4.1 Intuitive Approach!BSD44A sections 
A review of each of the interpreted geophysical boundaries delineated by their depths 
follows. Figures 4.16a, b & 4.17a, b. show the geophysically interpreted unit boundaries 
against the mine geologically logged boundaries and the CSIRO geological logs. 
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BSD 44A 138m-138.5m 
There is direct correlation between the geological logs and the gamma-gamma and 
conductivity logs in this interval. A thin finger of ultramafic was logged and appears to 
correspond to a low in the gamma-gamma logs, and a slight drop in the conductivity logs. 
The rock above this interval is felsic volcanic and is moderate to highly conductive. 
BSD 44A 138.5m-145m 
A general decrease in magnetic susceptibility and increase in te gamma-gamma values is 
noted prior to the 138m-depth marker, and characterises this interval. The conductivity is 
erratic but remains moderate to high. A slight spike in the magnetic susceptibility 
appears to correspond to a dip in the gamma-gamma log, and a major dip in the 
conductivity log. This may represent another thin finger of ultramafic rock that is not 
noted in the geological logging. 
BSD 44A 145m-146.5m 
There is a direct correlation between the geological logs, and the conductivity and 
gamma-gamma logs in this interval. A small increase in the magnetic susceptibility 
occurs but the sharp drop in the conductivity and gamma-gamma logs characterises this 
interval, which corresponds to a logged, thin fInger ofultramafic. Chlorite-fIlled vesicles 
are evident in thin section and the mineralogy consists of a chlorite-talc-carbonate-quartz 
assemblage. 
BSD 44A 146.5m-151.5m 
An overall increase in gamma-gamma and a decrease in magnetic susceptibility 
characterises this interval. It was interpreted as a felsic volcanic unit, which corresponds 
to the geological logs. The conductivity over this interval does not rebound back to the 
values shown by the felsic volcanics above this interval. This may be a function of 
varying degrees of alteration during and post emplacement, as this unit is in direct contact 
with an ultramafic unit. 
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BSD 44A 151.5m-155m 
A subtle decrease in magnetic susceptibility and a dramatic decrease in the gamma-
gamma correlate with the geological logs where a pyroxene spinifex zone has been 
logged. A subtle decrease in conductivity also occurs. The exact geophysical contact 
differs slightly however to the mapped geological contact. A2 pyroxene spinifex was 
logged as confinned in thin section. The mineralogical assemblage consists of chlorite-
carbonate-quartz. No opaque mineralogy was observed. 
BSD MA 155m-159.5m 
An increase in magnetic susceptibility and gamma-gamma marks the onset of this 
interval, and corresponds to CSIRO's geological logging of an orthocumulate unit. There 
is no real change in the conductivity, although it does become slightly more erratic. The 
rock type consists of olivine orthocumulate. A thin section was taken of a sample that is 
characterised by a spike in both the magnetics and gamma-gamma logs. Up to 1% 
magnetite was observed. 
BSD 44A 159.5m-162m 
A direct correlation between the physical properties and the CSIRO geological logging 
was noted, and is marked by a subtle decrease in the magnetic susceptibility, a marked 
increase in the gamma-gamma log, and a slight increase in the conductivity. This interval 
consists of random A2 pyroxene spinifex. 
BSD 44A 162m-164.5m 
A sharp increase in magnetic susceptibility and a spike in the gamma-gamma log 
correlate with the CSIRO geological logging over this interval. Conductivity decreased 
slightly. A weathered carbonate-quartz-chlorite rock with up to 2% magnetite and trace 
haematite is observed in this section and interpreted to represent an olivine 
orthocumulate. 
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BSD 44A 164.5m-175m 
A dramatic decrease and subdued consistent response in the gamma-gamma logs 
corresponds to' a change in the CSIRO geological logs. The average magnetic 
susceptibility values are higher but exhibit a number of spikes at 167m, 169m and 
171.5m depths. In a thin section sample taken at 167m depth, 8% magnetite was 
observed in a dominantly talc-carbonate-quartz rock. At 170m depth, 4% magnetite was 
observed in a talc-carbonate-chlorite-quartz rock. At 173m, a sudden drop in the 
conductivity occurs which correlates to a small spike in the gamma-gamma log. The 
present mineralogy represents a primary olivine orthocumulate rock. 5% magnetite was 
observed in thin section at a depth of 174m, in a bimodal olivine orthocumulate 
represented by a present mineralogy of talc-carbonate-quartz. 
BSD 44A 175m-177m 
An initial increase in the gamma-gamma conductivity and magnetic susceptibility logs 
occur at 175m depth. This corresponds to the onset of the navi-drill (change in direction 
of drilling) interval which is not calliper corrected. 
BSD 44A 177m-181m 
A decrease in the magnetic susceptibility and an increase in the gamma-gamma log occur 
over this interval, which correlates to the CSIRO geological logging indicating bimodal 
olivine orthocumulates. The conductivity change is an extremely subtle decrease. 
BSD 44A 181m-186m 
A correlation with the CSIRO geological logs also occurs over this interval. The 
petrophysics are characterised by an increase in magnetic susceptibility and a decrease in 
the gamma-gamma logs. A slight increase in conductivity occurs. At 184m depth, a 
small negative spike in the magnetic susceptibility and conductivity occurs, 
corresponding to a small positive spike in the gamma-gamma logs. 
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BSD MA 186m-206m 
A sharp increase in the gamma-gamma logs heralds the onset of the navi drill. The 
intensity of the magnetic susceptibility and conductivity do not change markedly. At 
196m depth, a decrease in the magnetic susceptibility is accompanied by a significant 
increase in the gamma-gamma log. No core was available for logging but a change in 
lithology is inferred. 
BSD 44A 206m-216m 
A correlation with the CSIRO geological logs occurs at this interval and is represented by 
a de crease in magnetic susceptibility and a n in crease in t he gamma-gamma log. No 
marked change in conductivity is evident. A dominantly carbonate-talc assemblage is 
observed over this interval. 
BSD 44A 216m-287m 
This is a large interval over which the gamma-gamma and conductivity logs are quite 
subdued. However, the magnetic susceptibility is erratic, generally moderate to high, and 
hence sub-intervals can be defined as observed on figure 4.16b. Thin sections were taken 
from samples over these sub-intervals. Thin sections at depths of 223m and 227m, show 
dominantly talc-carbonate-quartz rocks exhibiting bimodal textures and between 4% and 
6% magnetite, mainly in particle form, respectively. This may account for the spikes and 
the increase in magnetic susceptibility. The rocks between 227m and 251m are 
dominantly carbonate quartz rocks with varying degrees of talc and chlorite, exhibiting 
bimodal textures. The thin sections taken also contain approximately 3% magnetite, with 
1% chromite being observed at 250m depth. The rocks with the dominantly talc-
carbonate a ssemblage appear toe xhibit s lightly lower magnetic susceptibilities whilst 
still containing similar amounts of magnetite. 
A spike in the magnetic susceptibility at 266m may be due to the 5% magnetite observed 
in thin section in a dominantly talc carbonate rock exhibiting bimodal textures. Over the 
interval 270m to 275m, a talc carbonate rock containing 3-4% magnetite exists, but no 
obvious bimodal textures were observed. At 284m depth, 2% haematite and trace 
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magnetite is noted in olivine orthocumulate rocks, which correlates with the geological 
logs. 
BSD 44A 287m-30Om 
A sharp decrease in magnetic susceptibility indicates a geophysical subdivision at this 
depth but this does not correlate with the geological logs. The sharp decrease in magnetic 
susceptibility corresponds to an extremely small increase in the gamma-gamma and 
conductivity logs. 
BSD 44A 30Om-302m 
--~ 
Lower magnetic susceptibilities and higher values from the gamma-gamma log persist 
over this small interval. No change in the conductivity log occurs. 
BSD 44A 302m-327m 
A decrease in the gamma-gamma logs and a slight increase in the magnetic 
susceptibilities marks a geophysical interval change. This contact correlates with the 
CSIRO and mine geological logs, and with the presence of disseminated nickel sulphides 
and chromite. 
BSD 44A 327m-337m 
This interval is denoted by an increase in magnetic susceptibility. A small spike in the 
conductivity also occurs. 
BSD 44A 337m-343.5m 
A decrease in magnetic susceptibility occurs over this interval but is similar to physical 
and mineralogical characteristics of geophysical interval 303-327m. There is a 
significant increase in conductivity and this interval is characterised by large spikes in the 
conductivity, which possibly corresponds to an increase in sulphides at those points. 
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BSD MA 343.5m-345m 
A sharp inverse relationship between the magnetic susceptibility and conductivity, and 
the gamma-gamma log occurs over this interval, and may reflect the increase in sulphides 
noted in the thin sections. However, mineralogically, the interval is similar to the last 
interval discussed. The geochemical analysis shows the percent nickel to increase from 
approximately 2% to 5% over this interval. 
BSD MA 345m-35Om 
The magnetic susceptibility remains constant and has similar amplitude to below 343m 
depth. However, the gamma-gamma log shows lower amplitudes. The conductivity is 
elevated over this interval but exhibits no major spikes. The rock type is an olivine 
sulphide orthocumulate represented now by a dominantly carbonate-talc assemblage. An 
increase in sulphide content is noted. 
BSD 44A 35Om-352m 
This is interval is characterised by an increase in magnetic susceptibility, a decrease in 
the gamma-gamma logs, and a large increase in conductivity. The upper boundary of this 
interval correlates to the geological boundary, supposedly marking the end of mine 
geologist logged nickel sulphides, however a large positive spike in the conductivity 
would suggests the opposite. Cross-referencing with the assays indicates that there are 
nickel sulphides present with the geochemical boundary at 353.12m depth. 
BSD 44A 352m-356m 
The lower boundary of this interval corresponds to the lower boundary of the sago-
textured olivine orthocumulate rocks as logged by the CSIRO. A decrease in the 
magnetic susceptibility, a sharp decrease in the conductivity, and an increase in the 
gamma-gamma log occur. 
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BSD 44A 356m-359m 
A slight dip in the gamma-gamma log and a positive spike in conductivity, correlate with 
a change in both the mine geologist and CSIRO geological logs, from sago-textured to 
bimodal textured olivine orthocumulate. 
BSD44A359m 
Ibis boundary correlates with the geological boundary between the ultramafic and felsic 
footwall rocks as logged by the mine geologist and CSIRO. A sharp large increase in 
gamma-gamma, and a moderate decrease in the magnetic susceptibility and conductivity 
denote this contact. 
4.4.2 StatisticalApproach!Cross Correlation 
Ibis visual subdivision of the geophysical logs is not objective. A statistical/cross 
correlation approach was also used. 
Cross plots of multiple variables were produced based on diamond hole BSD 44A. 
CSIRO logged rock types were simplified by the author and were used and compared 
against downhole measurements of magnetic susceptibility, gamma-gamma and 
conductivity. The relationship between the simplified and original CSIRO logs is 
explained in Table 4.1. Simplified CSIRO logged rock types were used, as these logs 
appear from the above discussions to be more accurate at delineating geological 
boundaries than those logged by the mine geologist. The following observations were 
made: 
4.4.2.1 Conductivity and Magnetic Susceptibility (Figure 4.13) 
The disseminated sulphides exhibit the greatest range and scatter in relation to 
conductivity. Ibis variation in range is expected, and would relate to the amount of 
conductive sulphides within the rock. A difference in magnetic susceptibility between 
the felsic and ultramafic rocks was anticipated but not seen. 
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4.4.2.2 Conductivity and Gamma-Gamma (Figure 4.14) 
A useful plot in discriminating between ultramafic and felsic rocks. The felsic rocks 
display higher gamma-gamma values hence are interpreted to b e less dense then the 
ultramafic counter parts. The ultramafic olivine cumulates hosting disseminated 
sulphides have lower gamma-gamma values, i.e. more dense, and have varying magnetic 
susceptibilities. 
4.4.2.3 Magnetic Susceptibility and Gamma-Gamma (Figure 4.15a) 
The magnetic susceptibility a nd Gamma-Gamma plot exhibits the greatest nu mber 0 f 
populations (populations A-F) as discussed in section 4.23.4 of this report. These 
populations are interpreted to be invariably related to rock type. Population A displays 
lower gamma-gamma values. 
Populations A, B and C relate to olivine cumulate rocks hosting disseminated 
mineralisation. All of the populations have lower gamma-gamma values then other rock 
types hence are denser. One group exhibits lower magnetic susceptibilities and is divided 
into two populations with differing densities (A & B). The third population shows the 
highest magnetic susceptibilities (C) but have similar inferred densities to population B. 
Population B has higher gamma-gamma values and can be differentiated from population 
C by a difference in magnetic susceptibility. Populations E and F display lower magnetic 
susceptibilities than population C but appear to have differing gamma-gamma median. 
Population D displays a wide range of magnetic susceptibilities and a relatively discrete 
range of gamma-gamma values. This population correlates with the logged bimodal 
textured olivine orthocumulates (UoOCbc), which may at a closer inspection be separated 
into two sub-populations. The first sub-population could possibly be separated into two 
groups, with one group having still higher magnetic susceptibilities. The second more 
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obvious sub-population shows a slight linear relationship between magnetic susceptibility 
and gamma-gamma. As the rocks become less dense the magnetic susceptibility 
increases. A number of logged oOC are scattered through the first sub-population and 
may actually be a bimodal olivine orthocumulate, but have been mislogged. 
Again on closer inspection, making use of the rock type indicators, (see Figure 4.15b), 
population E can be separated into two sub-populations. The first being a discrete group 
having lower magnetic susceptibilities and being less dense. This sub-group correlates 
with the logged fine-grained bimodal olivine orthocumulates. The second sub-population 
exhibits a wider range of magnetic susceptibilities and density values and correlates with 
the spinifex-textured Komatiite. 
Population F corresponds to logged felsic volcanic rocks. The population shows similar 
susceptibilities the spinifex-textured Komatiites but is less dense. 
4.4.2.4 Magnetic Susceptibility and CSIRO Logged Rock Type (Figure 4.18) 
On analysis of the cross plot between magnetic susceptibility and CSIRO logged rock 
type the following observation can be made. 
• The coarser grained bimodal olivine orthocumulates containing disseminated 
sulphides (UoOCbc$) exhibit the largest range and highest magnetic 
susceptibilities with the oOC and oOCbc having similar magnetic 
susceptibility ranges. 
• The coarser grained bimodal olivine othocumulates (oOCbc) have a greater 
magnetic susceptibility range then their finer grained counterparts (oOObf). 
• The felsic volcanics have similar magnetic susceptibility ranges to the 
ultramafics, which was not anticipated. 
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Figure 4.18 
BSD 44A Downhole Magnetic Susceptibility & Simplified CSIRO Logged Rock Type 
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Table 4.4 represents the average magnetic susceptibility in cps for the relevant rock 
types. 
laDle 4.41Vlagnenc :suscepnbllIty lCPS) Of Hlack swan succeSSIon KoCk Types 
Rock Type Urn Uksp UoC UoOcbc UoOcbf UoOCs UoOCsc UoOCbc$ F 
Mean 1.082 0.569 1.079 2.109 0.322 0.413 0.392 1.95 0.390 
Standard 
Deviation 0.823 0.274 0.953 0.979 0.116 0.285 0.212 1.400 0.323 
4.4.2.5 Gamma-Gamma and CSIRO Logged Rock Type (Figure 4.19) 
Across plot between gamma-gamma and C SIRO logged rock type exhibits expected 
trends. The rocks containing sulphides show the lowest range of gamma-gamma, and 
therefore have the highest densities. Spinifex-textured rocks exhibit the highest gamma-
gamma range, and therefore are the least dense rocks. UoOCbc show the greatest range 
of densities amongst the orthocumulates. 
Table 4.5 represents the average gamma-gamma in cps for the relevant rock types.. 
Table 4.~  liamma-liamma lc PS) of Hlack Swan succeSSIon KoCk Types 
Rock Type Urn Uksp UoC UoOcbc UoOcbf UoOC UoOCs UoOCbc$ F 
Mean 25985 26541 24143 24190 22892 23179 23653 21879 25615 
Standard 1477 3293 839 870 457 483 461 1424 1323 
Deviation 
4.4.2.6 Conductivity and CSIRO Logged Rock type (Figure 4.20) 
The observations made from the Conductivity and CSRIO logged rock type is that 
UoOCbc$ - has a large range and is the most conductive rock type, due to the presence of 
conductive sulphide. A direct correlation between conductivity and the presence of 
sulphide in the rock can be made. 
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Felsic volcanics exhibit a wide range of conductivity whilst sago-textured olivine 
orthocumulate shows the smallest range. Spinifex rocks are the least conductive rocks. 
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Figure 4.19 
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Figure 4.20 
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4.4.3 Discussion on Statistics 
In theory, geophysics should be a more reliable tool in logging core since it provides a 
repeatable objective method of lithological discrimination. However, this study shows 
that the detailed logging at hand specimen and m icroscopic scales is generally more 
reliable in this environment. Given that is during exploration is most cases such 
specialised logging is not permitted the geologist may use the geophysics as a tool to 
indicate subtle changes in geological units. 
In summary, the felsic rocks are less dense with variable magnetic susceptibility. The 
mean magnetic susceptibility values of the felsic rocks were similar to some of the 
olivine cumulate rocks, which is not what one would generally expect. This coUld 
probably be attributed to the pervasive alteration evident in the Black Swan area. 
The olivine cumulate rock hosting the disseminated sulphides is the most dense rock 
type. The opaques, in particular the sulphides, are the most probable reason for this 
phenomenon. 
The coarse-grained bimodal olivine orthocumulate has the highest mean magnetic 
susceptibility, which is not necessarily expected, as the ore-hosting rocks would generally 




Diamond core samples from the geophysicaIly mapped intervals were taken and thin 
sections made. The petrography of the rocks was studied in conjunction with both the 
measuring ofphysical properties and field mapping for two main reasons. Firstly, to fud 
characteristic mineral assemblages for each main rock type, so a direct comparison could 
be made between rocks of similar composition but different metamOIphic grade. 
Secondly, the mineral assemblages need to be known to quantify any changes in density 
or magnetic properties of different rock types. 
The diamond holes BSD 44A, BSD 59 and BSD 86 were chosen for this study to 
represent both channel and flanking environments within a Komatiite lava pathway. 
Cross section ofholes BSD 44A and BSD 59 are illustrated as Figures 5.1 and are located 
on Figure 52. Downhole petrophysical measurements of these holes were to be made 
available. T he holes were also geologically logged and t heir volcanological textures 
intetpreted. 
The petrophysically mapped intervals (discussed and illustrated in section 4), together 
with geological core logs, were used as a base to select samples for detailed petrographic 
study. Samples were cut from the diamond core and thin sections made. The 
petrography of the rocks was studied in conjunction with the measuring of physical 
properties and field mapping for two main reasons: 
Firstly, to fud characteristic mineral assemblages for each main rock type, so 
a direct comparison could be made between rocks of similar composition but 
different metamotphic grade. 
Secondly, knowledge 0 f the m ineral assemblages was required in order to 
quantify any changes in density or magnetic properties ofdifferent rock types. 
The opaque minerals, in particular, are discussed in detail because of their control on the 
rock magnetic properties. 
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The results of this study are noted in Table.5.l. 
The mineralogies observed were discussed in section 2 of this report. A detailed 
description of the textures observed is provided below. 
5.1 Textures observed in this study 
5.1.1 Spinifex Textures 
Spinifex textures are preserved in BSD 86 (refer to Figures 2.8a & 2.8b), which lies 
within the Southern Flanking Zone of the BSS. A chlorite-quartz carbonate assemblage 
is observed with the original olivine blades normally pseudomorphed by finely 
intergrown quartz and chlorite. Vesicular and spinifex textures denoting the flow top 
(Figure 5.3a & 5.3b) are also present and are in:filled by phases including chlorite, quartz, 
carbonate. 
5.1.2 Cumulate Textures 
Olivine orthocumulate and olivine mesocumulate rocks with olivine crystals displaying 
different shapes were noted. Textural differences also appeared to occur within the 
groundmass. Hill et al. (1999) reports these variations as providing information 
regarding the rock's cooling history. 
Olivine textures identified by CSIRO, and by the author, within the above mentioned 
holes include sago, wormy, hopper, bimodal and platy although the textures are difficult 
to discern even in thin section. 
Sago, wormy and hopper-textured cumulates are interpreted to have formed from a single 
stage cooling process in hot insulated environments. Bimodal textures containing both 
polyhedral and platy olivines reflect at least two stages ofcooling (Hill et al., 1999). 
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Figure 5.3a Photomicrograph in transmitted light crossed polars. Field of view is approximately 2.75mm. 
Sample is from hole BSD 86 at depth 184.2m within the southern flanking zone of the Black Swan 
Succession. Chlorite-carbonate-quartz sulphide rock after a vesicular spinifex textured flow top komatiite. 
Figure 5.3b Photomicrograph in plane polarised light. Field of view is approximately 2.75mm. 
Sample is from hole BSD 86 at depth 208.89m within the southern flanking zone of the Black Swan 
Succession. Chlorite-quartz infilled vesicle (center) from a spinifex textured flow top komatiite. 
As previously noted in Section 2 of this report, the main mineral assemblages observed, 
representing the cumulate rocks, include talc carbonate and carbonate-quartz-chlorite 
rocks. The carbonate takes the form of fine-to-coarse porphyroblastic and poikiloblastic 
grains generally within a fine-grained matrix of talc (Figure 2.8g & 5.4). Sporadic larger 
flakes of talc are also observed. In some of the coarse poikiloblastic grains, ghost relic 
lizardite mesh textures (formed during serpentinisation), rimmed by aggregates of fine­
grained magnetite are observed The original olivine boundaries and hence the original 
orthocumulate or mesocumulates textures can be discerned from this observation (Figures 
5.5 & 5.6). The magnetite abundance has a direct effect on the magnetic susceptibility of 
the rocks. 
A black carbonate-quartz rock is observed in BSD 59 and exhibits hopper olivine textures 
(Figure 5.7). 
Quartz forms scattered poikiloblasts, often coalescing (Figure 2.8c). Chlorite is present 
within the matrix taking the form of pockets composed of several grains; as individual 
grains; or as large optically continuous poikiloblastic blades, with inclusions of talc and 
carbonate (Figure 5.8). Chlorite is also often found surrounding chromite grains (Figure 
5.9). 
Chromite, generally rimmed by magnetite, occurs as primary cumulate grains often 
retaining the original lobate morphology (Figure 5.10). It is also observed as irregular 
grains interstitial to pseudomorphs after olivine. 
Haematite is also observed in the talc carbonate rocks and occurs as discrete laths and 
blades (Figure 5.11 & 5.12). 
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Figure 5.4 Photomicrograph in transmitted light, crossed polars. Field of view is approximately 4mm.
 
Sample is from hole BSD 44 at depth 352m within the lower ultramafic unit, southern sector of the
 
Black Swan Succession. Talc-carbonate-quartz rock after olivine mesocumulate.
 
Figure 5.5 Photomicrograph in transmitted light, crossed polars. Field of view is approximately 2.75mm.
 
Sample is from hole BSD 44 at depth 333m within the lower ultramafic unit, southern sector of the
 
Black Swan Succession. Talc-carbonate-sulphide rock with fine grained magnetite ghosting relic
 
Iizardite mesh textures. Note sulphide (top right and left) interstitial to original primary olivines.
 
Figure 5.6 Photomicrograph in transmitted light, crossed polars. Field of view is approximately 2.75mm.
 
Sample is from hole BSD 44 at depth 333m within the lower ultramafic unit, southern sector of the Black
 
Swan Succession. Talc-carbonate-quartz rock. Note aggregates of fine grained magnetite ghosting relic
 
lizardite mesh textures and larger grains of magnetite within talc matrix.
 
Figure 5.7 Photomicrograph in plane polarised light. Field of view is approximately 2.75mm.
 
Sample is from hole BSD 59 at depth 269m from the lower ultramafic unit, southern sector of the Black
 
Swan Succession. Black carbonate-quartz rock exhibiting hopper olivine textures.
 
Figure 5. 8 Photomicrograph in transmitted light, crossed polars. Field of view is approximately 4mm. 
Sample is from hole BSD 44 at depth 301 m from the lower ultramafic unit, southern sector of the Black 
Swan Succession. Carbonate-chlorite-talc rock. Note pockets of chlorite with inclusions of talc. 
Figure 5., i) Photomicrograph in plane polarised light. Field of view is approximately 2.75mm. 
Sample is from hole BSD 44 at depth 250m from the lower ultramafic unit, southern sector of the Black 
Swan Succession. Lobate chromite in carbonate-quartz-chlorite rock. Note cracking penetration and 
partial replacement of the chromite grain by chlorite. 
Figure 5.10 Photomicrograph in transmitted light, crossed polars. Field of view is approximately 2.75mm.
 
Sample is from hole BSD 86 at depth 208.89m from the lower ultramafic unit, southern sector of the Black
 




Figure 5.11 Photomicrograph in plane polarised light polars. Field of view is approximately 4mm.
 
Sample is from hole BSD 44 at depth 284m within the lower ultramafic unit, southern sector of the
 
Black Swan Succession. Lenticular blades and laths of hematite in talc-carbonate rock (center).
 
Note aggregates fine grained magnetite ghosting relic lizardite mesh textures (center and bottom left)
 
and outlining original olivine boundaries.
 
Figure 5.12 Photomicrograph in plane polarised light. Field of view is approximately 2.75mm. 
Sample is from hole BSD 44 at depth 284m within the lower ultramafic unit, southern sector of the 
Black Swan Succession. Lenticular blades and laths of hematite (black) within talc-carbonate rock. 
5.2 Discussion 
The textures within the hand specimen were not easily discernable and as noted above are 
mostly obliterated. It was originally perceived that textures would be more discernable at 
a microscopic scale however even at a higher level of magnification the primary olivine 
textures within the olivine cumulates were very difficult to distinguish. The primary 
mineralogy and mode was deduced by present mineralogy and ghost textures. 
The mineralogies noted were as expected however the alteration appeared more 
pervasive. 
The black carbonate quartz rock in BSD59 appears to be an irregularity within the suite 
representing a zone of alteration. 
No magnetite was noted within the olivine spinifex rocks as was anticipated. Chromite 
was more abundant within the olivine sulphide cumulates and also noted within the 
spinifex rocks. The composition and abundance of the opaque minerals will be reflected 









6.0 PETROLOGY AND DOWNHOLE GEOPHYSICS 
Diamond core samples from the geophysically mapped intervals were taken and thin 
sections created. The petrography of the rocks was studied in conjunction with the 
measurement of physical properties and field mapping for two main reasons. Firstly, to 
find characteristic mineral assemblages for each main rock type, so a direct comparison 
could be made between rocks of similar composition, but different metamorphic grade. 
Secondly, the mineral assemblages need to be recognised in order to quantify any 
changes in density or magnetic properties of different rock types. 
. 6.1 Statistical Approach 
The downhole geophysical results from diamond holes BSD 44A and BSD 59 were 
plotted against mineralogical assemblage derived from petrological studies, percent 
magnetite content, and percent total opaque minerals present. The mineralogical 
assemblages were initially subdivided based on the two most abundant minerals and then 
further subdivided based on their entire mineralogical assemblage. 
6.1.1 Percent opaques and magnetic susceptibility 
No obvious relationship between estimated percent opaques and magnetic susceptibility 
(figure 6.1). 
6.1.2 Magnetite content and magnetic susceptibility 
No correlation can be seen between estimated percent magnetite content and magnetic 
susceptibility (figure 6.2). 
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Figure 6.1: Down Hole Magnetic Susceptibility & Percent Opaques 
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6.1.3 Mineralogical assemblage and gamma-gamma 
Mineralogical assemblage, based on the two most abundant minerals in the rock, was 
plotted against downhole gamma-gamma. Two sets of assemblage criteria were used, the 
two most abundant minerals and the three most abundant minerals (figures 6.3a and 6.3b 
respectively). The inference from these results is that the rocks containing chlorite as 
their primary or secondary mineral abundance are less dense and less magnetic. This can 
also be seen with the quartz/felspar (felsic rock). Samples containing dominantly 
carbonate appear to be denser. 
6.1.4 Mineralogical assemblage and magnetic susceptibility 
The mineralogical assemblage was plotted against magnetic susceptibility. Two sets of 
assemblage criteria were used, the two most abundant minerals (basic) and the three most 
abundant minerals (figures 6.4a and 6.4b respectively). Due to the sparse nature of the 
sample containing chlorite it is difficult to make an accurate assessment of the impact of 
predominately chlorite mineralogy on magnetic susceptibility. However, these rocks 
including the quartz/feldspar (felsic) rocks appear to have lower magnetic susceptibilities. 
6.1.5 Percent opaques and gamma gamma 
A weak linear relationship is apparent between percent opaques and gamma gamma 
(refer to Figure 6.5). The greater the percentage of opaques in the sample, the denser the 
rock. 
6.2 Intuitive Approach 
6.2.1 Magnetic susceptibility and magnetite content 
A direct correlation between magnetite content and spikes, or dramatic increases in 
magnetic susceptibility, is confirmed by the thin section studies. Examples taken from 
BSD44A are as follows: 
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Figure 6.3a Downhole Gamma-Gamma & Mineralogical Assemblage 
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An increase in magnetic susceptibility and gamma-gamma marks the onset of the 
interval 155-159.5m. A thin section taken at a depth of 156.4m, which 
corresponds to a spike in magnetic susceptibility, is observed to contain 1% 
magnetite within an olivine cumulate rock. Again, an increase in magnetic 
susceptibility is observed in a thin section sample taken at a depth of 167m. 8% 
magnetite was 0 bserved in a do minantly talc-carbonate-quartz rock. At 1 70m 
depth 4% magnetite was observed in a talc-carbonate-chlorite-quartz rock. A 
spike in the magnetic susceptibility at 266m may be due to the 5% magnetite 
observed in thin section in a dominantly talc carbonate rock exhibiting bimodal 
textures. 
The magnetic susceptibility is erratic over the downhole interval 216-287m. Thin 
sections were taken from samples at depths of 223m and 227m, and are 
dominantly talc-carbonate-quartz rocks exhibiting bimodal textures and 6% and 
4% magnetite (mainly in particle form) respectively, which may account for the 
spikes and the increase in magnetic susceptibility. The specimens between 227­
251 m are dominantly carbonate-quartz rocks with varying degrees 0 f talc and 
chlorite, exhibiting bimodal textures. The thin sections taken also contain 
approximately 3% magnetite, with 1% chromite being observed at 250m depth. 
However, the rocks with the dominantly talc-carbonate assemblage appear to 
exhibit slightly lower magnetic susceptibilities whilst still containing similar 
amounts ofmagnetite. 
6.2.2 Conductivity and nickel sulphide content 
Dramatic increases in conductivity are observed over intervals hosting sulphides. 
Over the interval 337-343.5m there is a significant increase in conductivity, which is also 
characterised by large spikes. Thin sections taken at 337m, 340m and 342m indicate up 
to 7% sulphides. 
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Interestingly, a sharp inverse relationship between the magnetic susceptibility, 
conductivity, and the gamma-gamma log occurs over the interval 343.5-345m. This 
inverse relationship may reflect the increase in sulphides noted in the thin sections. 
However, mineralogically the interval is similar to the last interval discussed above. The 
geochemical analysis shows the percent nickel increases from approximately 2% to 5% 
over this interval. 
Figure 6.6 shows downhole conductivity plotted against percent nickel content and 
geological mine logging of the diamond core. There is a definite positive correlation 
between percent nickel content and conductivity. In fact, the conductivity gives a better 
indication of the presence of nickel sulphides in the ore then the visual mine and CSIRO 
geological logs. 
6.2.3 Gamma-gamma andpercent opaques 
A direct relationship can be seen, between gamma gamma and the presence of opaque 
minerals such as magnetite and nickel sulphide. 
A direct relationship between gamma-gamma and conductivity is observed where nickel 
sulphides are present. A decrease in gamma-gamma (Le. increase in density) occurs. 
Between the interval 345-35Om, the magnetic susceptibility remains constant, however 
the gamma-gamma log shows lower amplitudes. The conductivity is elevated over this 
interval but exhibits no major spikes. An increase in sulphide content is noted within an 
olivine-sulphide orthocumulate represented now by a dominantly carbonate-talc 
assemblage. 
A decrease in the gamma-gamma logs and a large increase in conductivity also 
characterises the interval between 350-352m. The upper boundary of this interval 
correlates to the geological boundary and supposedly marks the end of mine geologist 
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suggests the opposite. Cross-referencing with geochemical assays indicate that there are 
nickel sulphides present at the geochemical boundary at 353.12m depth. 
6.2.4 Gamma-gamma, magnetic susceptibility, conductivity and mineralogical 
assemblage 
Mineralogical changes can be observed throughout the geophysics as discussed 
previously and are evident again in the thin section studies. Over the interval 145­
146.5m there is a direct correlation between the geological logs, and the conductivity and 
gamma-gamma logs, where there is a small increase in the magnetic susceptibility, but a 
sharp drop in the conductivity and gamma-gamma logs. A thin section from 145.6m 
confirms the geological logging as an ultramafic unit. Chlorite-filled vesicles are evident 
in thin section and the mineralogy consists of chlorite-talc-carbonate-quartz. 
Original textural differences have also been observed and differentiated by the 
geophysics. A geophysical boundary is noted at 356m. A decrease in the magnetic 
susceptibility, a sharp decrease in the conductivity, and an increase in the gamma-gamma 
log occur. This zone corresponds to the lower boundary of the sago-textured olivine 
orthocumulate rocks as logged by CSIRO and confirmed by thin section analysis of 
sections taken at depths of354m and 357m. 
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This boundary correlates with the geological boundary between ultramafic and the felsic 
footwall rocks as logged by both the mine geologist and CSIRO. A sharp large increase 
in the gamma-gamma, and a moderate decrease in the magnetic susceptibility and 
conductivity denote this contact. 
6.3 Discussion 
No correlation can be seen between the estimated percent of magnetite content and 
magnetic susceptibility, or between estimated percent opaques and magnetic 
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susceptibility, and this was not an expected result. However, using the intuitive approach 
there appears to be obvious correlations between spikes in the magnetic susceptibility and 
an increase in the percent magnetite in thin section. Examples include thin sections taken 
at the following depths: BSD 44a: 15604m, 17Om, 174m, 223m, 268m and 275m, and 
from BSD 59 at 24Om, to name but a few. Human error relating to the estimation of 
percentages may be partly to blame, and another computer-based estimation processes 
may be more accurate. 
Magnetic susceptibility is a function mainly of magnetic oxide content, and hence 
primarily magnetite content. Magnetite content is in turn dependent upon original host 
rock geochemistry and oxygen fugacity (Haggerty, 1979; Grant, 1985; Clark et al., 
1992). Alteration processes, particularly in ultramafic rocks (Donaldson, 1981; 1983), 
can further modify the magnetite content and therefore the magnetic properties of 
greenstones. Serpentinisation, talc-carbonate alteration and secondary solution processes 
alter the original oxide distribution. As documented by Belairs (1979) there is a direct 
positive relationship between magnetic susceptibility and volume percent magnetic 
oxides. See Figure 6.7. 
Metamorphic / alteration reactions that lead to the creation and destruction of magnetite 
within ultramafics are as follows (after McQueen, 1981a). These reactions are discussed 
at length by Donaldson (1981, 1983) and are also summarised by Robson (1991): 
Magnetite constructive: Serpentinisation 
20MglSFeo.2Si04 + 21.2H20 = IOMg3Sh03 (OH)4 + 1.3 Fe304 + 610 MgOIO + 204H2 
(olivine) (fluids) (serpentine) (magnetite) (in brucite/chlorite) 
or, 
20MglsFeo.2Si04 + 21.2H20 = IOMg3Sh03 (OH)4 + 1.3 Fe304 + 610 MgOIO + Fe 
(olivine) (fluids) (serpentine) (magnetite) (in brucite/chlorite) (into sulphide) 
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Magnetite destructive: Talc-carbonate alteration 
18Mg3Si05(OH)4 + Fe304 + 30COz =9Mg3S40 1O(0H)z + 30Mgo.9Fe O.ICO 3+27HzO+ 
0.50z 
(serpentine) (magnetite) (talc) (magnesite) 
As all the above reactions are dependent upon the initial chemistry of the ultramafic unit, 
subtle changes in chemistry that are diagnostic to mineralised flows (see Williams & 
Brand, 1992) may therefore be reflected in the magnetic signature. The influence of talc-
carbonate alteration is likely to be more prevalent at greenschist facies conditions due to 
the decreasing stability of carbonate minerals with increasing temperature (yardley, 
1989). Given that the initial chemistry is a reflection of the initial mineralogy, any 
change in the mineralogy will also reflect a change in magnetic signature. If the thicker 
ore-bearing ultramafics are more olivine-enriched than their laterally equivalent flanks, 
and the whole package is unifonnly serpentinised and/or subject to carbonate alteration, 
subsequent construction and/or destruction of magnetite would yield a net predominance 
of magnetite where there was initially a greater proportion of olivine. 
A weak linear relationship is apparent between the percent opaques and gamma gamma 
(refer to Figure 6.5). The greater the percent of opaques, the denser the rock. This was 
an expected result as opaques have higher densities than the other minerals, which make 
up the rock. 
The rocks containing chlorite as the primary or secondary most abundant mineral are less 
dense and less magnetic. This can also be seen with the quartz/felspar (felsic rock). This 
could possibly be due to the fact these rocks also contain no magnetite. Unfortunately the 
data is sparse for these rock types. These rocks are interpreted as the spinifex-textured 
rocks fonned on the flanks of a volcanic trough. The samples' containing dominantly 
carbonate appear to be denser and their protoliths are described as olivine orthocumulate 
rocks. 
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Due to the high density ofmagnetite (5.2g/cm3), changes in magnetite content may affect 
the density. Olsen et al. (1991) and Henkel (1976) have also noted magnetite distribution 
affecting the density of similar rock types. 
Chromite is an accessory component in olivine spinifex-textured rocks and in olivine-rich 
cumulates. Its texture varies systematically with rock type and volcanic environment 
(Barnes, 1998). 
Barnes (1998) concluded that the abundance and textural habit of cumulus chromite in 
Komatiite cumulates shows a correlation with volcanic facies. Channelised flows 
commonly contain low abundances 0 f cumulus c hromite, du e partly to high-Mg lava 
compositions, and possibly to unusually reduced magma compositions, and resulting high 
chromite solubilities. 
Studies of the modification of chromite during alteration and metamorphism of Komatiite 
rocks (Bliss & MacLean, 1975; Donaldson, 1983; Gole & Hill, 1990) highlight two 
important effects. Firstly, chromites become rimmed and progressively replaced by 
chromium magnetite (or 'ferrichromite'). Secondly, as a result of exchange of the major 
elements Mg, Fe, AI and Cr with surrounding silicate minerals such as olivine, pyroxene 
and chlorite (Evans & Frost, 1975), chromite core compositions become progressively 
modified during prograde metamorphism (Barnes, 1998). Incipient alteration and growth 
of magnetite rims and veins result due to the introduction of these elements from 
.hydrothermal fluids. 
Variation in chromite content affects the composition of the oxide phase within the now 
altered and metamorphosed rocks. Hence, the bulk magnetic susceptibility of the rocks 
can be affected by the earlier cbromite distribution. 
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An additional mode of occurrence of chromite and er-bearing magnetite-rich spine! is 
within massive Fe-Ni sulphides (Groves et al., 1977; Bames et al., 1988a; Frost & 
Groves, 1989a; Lesher, 1989; Bames, 1998). 
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7.0 DISCUSSION AND CONCLUSIONS 
The aim of this study is to geophysically typecast Komatiite flows hosting mineralisation 
so to discriminate the trough from the flanks of a potentially mineralised channel thus 
providing vectors to nickel sulphide mineralisation. 
The objective was to find a unique relationship between original rock types and current 
physical properties using measurements taken on diamond drill core and down hole 
logging, because primary rock type (protolith) are not easily recognised in hand 
specimen. A classification scheme based on present mineralogy, indicative of protolith, 
was used in an attempt to relate physical properties such as magnetic susceptibility, 
conductivity and specific gravity data to lithology. This proved to be difficult, as the 
variable metamorphic influences within the Black Swan Succession have resulted in wide 
ranging and inhomogeneous mineralogical assemblages, with complex distribution and 
composition ofmagnetic oxide minerals. 
Magnetic susceptibility, inductive conductivitY,resistivity, natural gamma and gamma -
gamma measurements were made using the OMS-LOGG system. Diamond holes BSD 
44A, BSD 59 and BSD86 were chosen to represent both trough and flanking 
environments within a Komatiite lava pathway establishing relationships between 
petrophysical properties and Komatiite textures and petrology.. These measurements, 
together with geological core logging, were used as a bias to select specimens for detailed 
petrographic studies. The selected specimens covered a wide range of rock types, 
Komatiite textures and susceptibilities, densities and conductivity including specimens 
from both the ore and host lithologies. The representative core samples were described 
geologically, mineralogical and geomechanically. 
Manual measurement of magnetic susceptibilities, specific gravity and conductivity were 
also taken over a selected suite of BQ diamond core samples from a number ofholes that 
covered a wide range ofrock types 
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The rocks have been geologically logged in terms of present mineralogy and interpreted 
primary mineralogy (protolith) by the mine geologist and CSIRO respectively. The 
results of the study were reviewed using an intuitive and statistical approach. 
7.1 Discussion of Results 
The Black Swan Succession can be broadly divided into four main rock types by their 
current mineralogy, quartz-chlorite, quartz carbonate, serpentinite and talc-carbonate, 
which exhibit relict spinifex and cumulate textures. These rocks are poorly exposed and 
where outcropping consist of weathered silicified massive serpentinite exhibiting relic 
cumulate textures. The quartz chlorite rocks represent the original olivine spinifex rocks, 
with the remaining rocks types representing olivine ortho-mesocumulate protolith. 
The textures within the hand specimen were not easily discernable and were generally 
obliterated. Even at microscopic scale the primary olivine textures are very difficult to 
distinguish. The primary mineralogy and hence protolith was deduced by the present 
mineralogy and ghost textures. It was hoped that some petrophysical characteristic of the 
protolith was preserved to help identify the actual J?osition in the Succession. 
Airborne magnetic surveys were useful in indicating the presence of magnetic ultramafic 
lithologies. The Black Swan Komatiite manifests itself as a magnetic high especially 
when serpentinised. No facing directions could be inferred from magnetic data nor could 
the presence of Komatiite channels because of the carbonate alteration. The regional 
gravity survey was also useful in locating the ultramafic lithologies. Hence both 
geophysical methods could be considered a vector towards the correct basic 
volcanological environment. However this tool could not be used to focus on the 
presence of a magmatic nickel sulphide orebody. 
Traditional surface geophysical exploration methods have proven to be of little use in 
targeting magmatic nickel sulphides within the Black Swan Succession. Ground 
magnetic and gravity surveys were deemed superfluous due to nature of the weathering 
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profile. No ground electromagnetic anomalies could be directly attributed to a response 
from the massive nickel sulphides. DHTEM was noted as the most useful tool in 
directional deep drilling and to sterilise the target basal contact around each of the barren 
holes. 
There is commonly no distinct variation in magnetic signatures between the Komatiites 
and the felsic volcanic rocks with the Black Swan Succession, however the conductivity 
of the rocks will indicate the presence of maginatic nickel copper sulphides. Variation in 
densities ofthe rocks has not been studied in detail and requires further consideration. 
As expected the serpentinites exhibited the highest susceptibility and the greatest range. 
The talc carbonate rocks showed varying susceptibilities, which varied qualitatively from 
low to medium. The massive sulphide samples also exhibited a range of susceptibilities 
from low to medium with the exception of one high reading. The olivine spinifex, 
pyroxene spinifex and felsic rocks showed relatively low susceptibility over a restricted 
range. However, the ranges for the rock types were similar and hence could not be used 
for identification. The mean magnetic susceptibility values of the felsic rocks were 
similar to some of the olivine cumulate rocks, which is not what one would generally 
expect. 1bis is probably due to the pervasive alteration evident in the Black Swan area 
resulting in magnetite destruction. 
The highest conductivities, as was expected, was exhibited by the ore hosting lithologies. 
The spinifex-textured flow rocks exhibit the lowest conductivities. The olivine cumulate 
and felsic rocks have varying conductivity ranges. 
The felsic rocks are least dense rock type with the olivine cumulate rocks hosting the 
disseminated sulphides being the densest. The opaques, in particular the sulphides is the 
most probable reason for this phenomenon. Hence the mineralised channels (troughs) are 
denser than the footwall rocks. 
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The rocks containing chlorite as the primary or secondary most abundant mineral are less 
dense and less magnetic which could possibly be related to the lack of magnetite found in 
these rocks. These rocks are interpreted to have been spinifex-textured rocks formed on 
the flanks of a volcanic trough. The samples containing dominantly carbonate appear to 
be more dense and there protoliths are described as olivine orthocumulate rocks. Thus 
the flanking ultramafic rocks are less dense than the channelised ultramafic rocks. 
The composition and abundance of the opaque minerals is expected to be reflected in 
geophysical properties such as magnetic susceptibility, conductivity and density. 
However, it was found that statistically no correlation could be seen between estimated 
percent magnetite content and magnetic susceptibility or between estimated percent 
opaques and magnetic susceptibility. The intuitive analyses approach yields a more 
expected result, as there appears to be obvious correlations between spikes in the 
magnetic susceptibility and increase in the percent magnetite noted in thin section. The 
statistical approach may have been inaccurate due to human error in estimating 
percentages and perhaps a computer based estimation process may be more accurate. 
A weak inverse linear relationship is apparent between percent opaques and gamma 
gamma that is, the increase in percent opaques the denser the rock which was expected as 
the opaques, magnetite, nickel sulphide, haemetite and chromite have higher densities 
than other minerals making up the rock. 
7.2 Conclusions 
In theory geophysics should be a more reliable tool for logging core since it provides a 
repeatable objective method of lithological discrimination, however this study shows that 
the detailed logging at hand specimen and at microscopic scales is generally more 
reliable in this altered environment. Given that during. exploration such specialised 
logging is not permitted the geophysics can be used as a further qualitative tool to 
identify and bring to the attention of the mine geologist subtle changes within units. 
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The net magnetisation of the ultramafic results from the interplay of the magnetite 
constructive and -destructive reactions. Geological processes, which have led to the 
crystallisation/destruction of magnetite with in the Black Swan area, include 
metamorphism, serpentinisation and hydrothermal alteration. A lesser control is the 
primary pyrrhotite content of the ultramafics. 
As these reactions are dependent upon the initial chemistry of the ultramafic, subtle 
changes in chemistry that are diagnostic to mineralised flows (see Williams & Brand 
1992) may therefore be reflected in the magnetic signature. Given the initial chemistry is 
reflecting the initial mineralogy, any change in the mineralogy will also reflect a change 
in magnetic signature. Such a change in the magnetic signature could well be expected 
when comparing "flanking" ultramafic typically characterised by thinner spinifex 
textured, lower MgO flows with channel ultramafics characterised by olivine rich (hence 
higher MgO) cumulate textures. 
If a package of "flanking" and thicker potential ore bearing channel ultramafics is 
uniformly serpentinised and/or subject to carbonate alteration, subsequent construction 
and/or destruction of magnetite would yield a net predominance of magnetite where there 
was initially a greater proportion of olivine. That is, there would be a greater 
concentration of magnetite per unit volume in the channel positions (which are olivine 
enriched) compared with flank positions. Within the proximal ore environment, 
monoclinic pyrrhotite may augment the total magnetisation of the ultramafic. 
Also, due to the high density of magnetite (5.2g/cm3), changes in magnetite content may 
affect the density. Olsen et al. (1991) and Henkel (1976) have also noted magnetite 
distribution affecting the density of similar rock types. Thus the trough positions 
originally occupied by olivine cumulate rocks should be more dense than the flanks made 
up originally of spinifex which now contain no magnetite. 
However the magnetic properties of the rock depend not only on the primary rock 
composition and fabric, the degree of serpentinisation but also on the type and intensity 
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of alteration - (talc-carbonate / surface alteration) the type and intensity of 
metamorphism. The pervasiveness of the alteration and metamorphism at Black Swan is 
variable thus making it difficult to typecast a Komatiite flow and hence provide a vector 
to the nickel sulphide mineralisation. Other areas within the Yilgarn Craton, which have 
not undergone such in tense a lteration, would b e able to u se the techniques described 
above as vectors in the search for mineralisation. 
As noted above there is commonly no distinct variation in magnetic signatures between 
the Komatiites and the felsicvolcanic rocks with the Black Swan Succession. The 
conductivity of the rocks will indicate the presence of magmatic nickel copper sulphides. 
Variation in densities of the rocks has not been studied in detail and requires 
consideration. 
Given the expense of close spaced drilling programs, and the necessity for high cost 
diamond drilling to elucidate geology, structure and mineralisation in areas of limited 
outcrop, geophysical techniques could significantly reduce exploration costs. 
To fully understand the relationship between rock types and physical properties a more 
detailed study of the geochemistry such as an analysis comparing the MgO content of the 
rocks to the physical properties is recommended. This was not attempted during the 
course of this study, due to the cost constraints. 
Another factor that would contribute towards a better understanding of the magnetics and 
density is a more detailed analysis of opaque mineralogy, firstly to determine accurate 
proportions of the relevant minerals. Magnetite could be examined using a scanning 
electron analysis to determine variations, if any, in chemical composition. 
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Inductive conductivity, Magnetic susceptibility and gamma-gamma ofdrill holes BSD 
44A, and BSD59 were measured using the OMS-LOGG System. Figure 1 represents 
a schematic overview of the OMS-LOGG borehole logging system. 
Outokumpu Oy in Finland recognised the potential of logging in the base-metal 
mining context and developed a logging system, OMS-LOGG, specially adapted for 
underground mining in the 1980's (Lappalainen & Lehto 1995). The OMS-LOGG is 
a proprietary but commercially available system. The most novel feature of the OMS . 
- LOGG system was it's stiffened cable which enabled the probes to be pushed 
horizontally and upwards-inclined holes. The OMS-LOGG system is portable and 
relatively simple to operate. 
Specifications of the system are documented below. 
To date the primary applications ofOMS-LOGG have been as follows: 
•	 To determine lithological boundaries by nature of contrasting physical rock 
qualities. The man probes used in this application are natural gamma, gamma­
gamma, magnetic susceptibility and resistivity. 
•	 To define ore zone boundaries in massive, semi-massive and network style 
sulphide deposits. Probes used in this application include conductivity and 
gamma-gamma. By combining several probes it may be possible to discriminate 
specific sulphides. 
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FIGURE 1 : SCHEMATIC OVERVIEW OF THE OMS-LOGG BOREHOLE LOGGING SYSTEM 
•	 To assign ore grades in massive, semi-massive and network style sulphide 
deposits. To date this function has been successfu.1ly implemented for a number 
of Ni and PB, Zn operations. Probes used for this applicationare gamma-gamma 
and conductivity. 
•	 To assign Fe grade in magnetite dominant ore deposits by use of magnetic 
susceptibility. 
At Cosmic Boy mine, Forrestania, Western Australia, where an OMS-LOGG system 
is used routinely to resolve ore boundaries (Berry 1994). Magnetic susceptibility, 
gamma-gamma (inversely proportional to density), and conductivity logs are 
interpreted in parallel to minimise ambiguity in defining the hanging wall contact. 
OMS- LOGG System 
Hand he Id Computer K TP-84 and Drill Hole Interface K TP-DHI build together a 
portable borehole logging system with digital storage. The system is made up of 
KTP-84, the Drill Hole Interface KTP-DHI, a borehole probe, the depth transducer 
and PC software. The system can make use of all analog probes besides impulse 
output probes and combination probes with more than one value measured. Figure 1 
represents a schematic overview of the OMS-LOGG borehole logging system. 
RRK-IO 
Drill Hole Susceptibility Meter 
RR K-lO measures the magnetic susceptibility from drill hole based on the one coil 
system. Due to the short construction of the coil, the variations of susceptibility of 
very thin layers in the rock can be discerned. The measuring range covers 
susceptibilities from small values caused by pure magnetite. 
RR K-lO probe consists of the measuring coil and electronics. The output RR K-lO is 
DC voltage, which has been calibrated into susceptibility units in the SI system. 
The influence of the rock conductivity upon measuring results is automatically 
corrected in certain limits. The output voltage can also be calibrated to indicate the 
content ofmagnetite in an individual deposit. 
RRJ-I0 Drill Hole Conductivity Meter 
RR J-10 measures inductively the conductivity using one short coil. The equipment 
has been aimed for logging high conductivities. RR J-10 probe consists ofmeasuring 
coil and electronics. The response of RR J-10 is increased by susceptibility of the 
conductor. 
Technical Specifications ofRR K-I0 and RR J-I0 
Probe dimensions: 
Weight 1.1 kg 
Length 760mm 
Standard diameters 32 mm and 42 mm 
Length ofmeasuring coil 100mm 
Measuring range ofRR K-lO: 
20 x 10-5 SI to 30 SI units. 
Output voltage 0 to +6 V DC 
Measuring range ofRR J-10: 10 S/m - 106 S/m 
Output voltage 0 to +9 V DC 
Operating frequency: 1200 Hz 
Calibration stability: 0.1 %fC 
Power consumption: ~2.5W 
Supply voltage: 18 V (12.3-30 V) 
Working Temperature: -20°C to +50oC 
Maximum working pressure ofprobe:1OMpa (100bar) 
Cable 
• 4 cores 
• maximum loop resistance 45 ohm (with 18 V supply voltage) 
Gamma-Gamma Density Probe OMS-GGIO 
• Case diameter of42mm 
• Cesium-137 gamma source, 3mCi 
• Lead shielding case for gamma source 
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APPENDIX 3 BLACK  SWAN  GEOPHYSICS FROM CORE
Hole Number Depth From (m) Depth To (m)
Magnetic 
Susceptibility 
(SI Units x 10-5) 
 
SG Conductivity (mV)
BSD 019 85 86 no reading 2.74 1000000
105 106 no reading 2.66 1000000
115 116 30 2.83 10000000
116 116 25 2.87 4000000
120 121 150 2.90 400000
125 126 100 2.99 6000000
131 132 30 2.81 3500000
135 136 30 2.78 2000000
140 141 65 2.95 2000000
145 146 40 2.20 350000
150 151 55 2.96 2000000
160 161 150 2.95 1000000
170 171 50 2.92 2000000
180 181 30 2.89 130000
183 184 10 2.91 1000
185 186 5 2.67 4000000
190 191 15 2.88 400000
195 196 20 2.88 3000000
200 201 15 2.88 150000
205 206 150 2.86 40000
210 211 200 2.91 2000000
215 216 20 2.89 2000000
220 221 1000 2.93 1000000
225 226 3500 2.88 2000000
230 231 400 2.89 2000000
235 236 30 2.95 3000000
240 241 20 2.98 1000000
245 246 40 2.94 10000000
250 251 90 2.94 800000
255 256 no reading 2.95 60000
260 261 no reading 2.68 2000000
270 271 150 2.91 10000000




285 286 50 2.96 100000
290 291 150 2.95 2000000
295 296 20 2.97 800000
300 301 10 2.69 2000000
305 306 60 2.95 6000000
364 365 25 2.95 3000000
366 367 550 2.76 800000
371 372 25 2.95 2000000
380 381 10 2.75 1000000
390 391 no reading 2.79 1000000
400 400 15 2.82 no reading
402 403 10 2.87 2000000
407 408 20 2.92 2000000
410 411 20 2.91 3000000
411 412 30 2.89 2000000
420 421 20 2.89 6000000
440 441 0 2.79 2000000
BSD26 95 96.00 10 2.70 100000
100 101 10 2.72 15000
120 121 10 2.85 60000
134.8 135.8 55 2.83 4000
140 141 15 2.74 2000
145 146 75 2.94 8000
150 151 150 2.96 6000
155 156 no reading 2.93 3000
160 161 50 2.97 10000
165 166 150 2.97 3000
170 171 45 2.96 100000
175 176 300 2.96 10000
180 181 100 2.92 10000
185 186 40 2.90 2000000
190 191 250 2.96 200000
195 196 95 2.95 40000
200 201 150 2.80 1500
205 206 10 2.80 7000
223 224 70 2.82 10000
225 226 4500 4.45 no reading
295 296 5000 4.55 no reading
296 297 150 2.97 no reading
297.8 298.3 3000 4.61 no reading
298.3 299.65 75 3.08 no reading
299.7 300.05 3000 4.02 no reading
300.1 300.80 3000 3.72 no reading
300.8 301.45 6000 4.42 no reading
301.5 303.7 150 2.89 no reading
303.7 304.35 4000 4.12 no reading
305.6 306.7 7000 4.60 no reading
310 311 20 2.80 10000
BSD44 90 91 40 2.78 200000
100 101 25 2.75 100000
110 111 20 2.67 30000
130 131 10 2.71 20000
138.4 138.9 25 2.79 10000
140 141 20 2.68 20000
145.2 145.9 20 2.78 100000
146 147 10 2.68 2000
150 151 20 2.40 10000
155 156 10 2.64 60
160 161 40 2.51 10000
165 166 90 2.90 200000
170 171 180 2.93 6000000
215 216 200 2.93 6000000
220 221 300 2.93 1000000
225 226 150 2.86 400000
230 231 120 2.94 30000
235 236 400 2.95 600000
240 241 250 2.95 1000000
245 246 65 3.02 500000
250 251 250 2.96 150000
255 256 130 2.95 5000000
260 261 300 2.95 4000000
265 266 100 2.91 150000
270 271 200 2.90 400000
275 276 200 2.95 100000
280 281 250 2.99 no reading
BSD44A 180 181 35 2.91 1000000.00
185 186 77 2.94 8000000.00
206 207 25 2.95 no reading
208 209 30 2.98 2000000.00
210 211 45 2.92 no reading
211 212 65 3.37 4000000.00
215 216 10 2.94 300000.00
220 221 60 2.95 600000.00
225 226 200 2.90 300000.00
230 231 80 2.97 80000.00
235 236 200 2.98 200000.00
240 241 500 2.98 3000000.00
245 246 10 2.97 200000.00
250 251 200 2.95 150000.00
255 256 140 2.96 150000.00
260 261 30 2.95 2200000.00
265 266 300 2.95 60000
270 271 80 2.92 1500000
275 276 100 2.92 80000
280 281 130 2.85 80000
285 286 100 2.90 200000
290 291 5 2.93 80000
295 296 30 2.94 4000000
300 301 8 2.95 1000000
305 306.00 120 3.01 3000000
310 311 60 3.77 400000
315 316 150 3.01 350000
320 321 70 3.01 1500000
325 326 100 3.00 300000
330 331 300 2.99 500000
335 336 120 2.97 1500000
340 341 150 3.19 30000
345 346 95 3.37 0.001
350 351 100 3.20 100000
354 355 0 2.94 no reading
356 357 0 2.86 1000
360 361 30 2.88 60000
370 371 8 2.78 40000
350 351 13 2.87 100000
BSD79
113.5 114 27 2.78 400000
BSD 52 100 101 20 3.04 150000
105 106 80 2.94 300000
110 111 100 2.90 150000
115 116 40 2.85 1000000
120 121 5 2.71 15000
















165 166 2.96 100000
185 186 100 2.92 80000
190 191 65 2.92 100000
205 206 40 1.96 150000
210 211 250 2.95 500000
215 216 100 2.96 10000
220 221 300 2.92 200000
225 226 150 2.92 7000
230 231 100 2.85 100000
235 236 150 2.93 60000
240 241 200 2.96 200000
245 246 100 2.95 40000
250 251 100 2.97 200000
255 256 250 2.86 200000
265 266 40 2.85 200000
270 271 100 2.93 2000000
275 276 1800 2.91 1500000
280 281 12 2.84 1000000
285 286 10 2.94 2000000
290 291 550 3.01 1000000
295 296 900 2.97 2500000
300 301 25 3.63 1700000
305 306 20 2.93 null
310 311 25 2.91 null
315 316 2000 4.72 0
317 318 12500 4.65 0
320 321 4 2.80 10000
325 326 30 2.87 1000
326.3 326.8 6500 3.85 40
330 331 8 2.81 2000000
340 341 20 2.87 400000
90 91 27 2.83 2000000
95 96 3 2.78 50000
100 101 35 3.08 1000000
111 111.5 30 2.81 4000000
111.5 112 30 2.82 1000000
112 112.5 25 2.88 400000
112.5 113 13 2.86 200000
113 113.5 15 2.81 400000
191 192 15 2.72 250000
BSD81A
520 521 80 3.02 200000
114 114.5 28 2.84 1500000
114.5 115 18 2.87 3500000
115 115.5 25 2.93 500000
115.5 116 23 2.90 1000000
116 116.5 25 2.95 2000000
116.5 117 50 2.82 1000000
117 117.5 15 2.80 1000000
117.5 118 15 2.76 450000
118 118.5 30 2.80 200000
118.5 119 25 2.80 1000000
119 119.5 60 2.98 800000
119.5 120 55 2.93 2000000
120 121 60 2.86 400000
125 126 48 2.95 1000000
130 131 60 2.85 3000000
135 136 20 2.83 1500000
140 141 250 2.88 60
145 146 55 2.86 105
160 161 60 2.91 105
290 291 250 2.95 no reading
295 296 130 2.95 50000
320 321 40 2.95 1000000
325 326 200 2.92 200000
330 331 330 2.95 350000
335 336 250 2.90 150000
340 341 320 2.99 600000
345 346 200 2.94 180000
350 351 160 2.93 15000
355 356 500 2.91 600000
365 366 25 2.71 300000
375 376 33 2.72 30000
380 381 25 2.75 4000000
385 386 25 2.73 1000000
390 394 15 2.76 1200000
395 396 25 2.78 400000
401 401 40 3.14 150000
410 411 20 2.70 80000
430 431 8 2.68 40000
446 447 20 2.76 1500000
449 450 25 2.87 6000
454 455 15 2.89 5000000
460 461 8 2.71 2000000
480 481 5 2.68 200000
485 486 20 2.75 40000
490 491 37 2.95 100000
495 496 75 2.91 300000
500 501 110 2.94 60000
505 506 200 2.92 1000000
510 511 15 2.90 1000000
515 516 55 2.94 5000000
740 741 80 3.25 No reading
BSD82
125 126 38 2.99 1000000
525 526 30 3.03 300000
530 531 35 2.94 3000000
535 536 80 2.78 15000000
540 541 50 2.98 5000000
545 546 200 3.01 10000000
550 551 30 2.80 7000000
555 556 200 3.01 600000
560 561 40 3.06 180000
565 566 180 2.87 600000
570 571 15 3.07 60000
575 576 15 2.95 3000000
580 581 110 2.93 10000000
585 586 20 2.78 2000000
590 591 70 2.93 60000
595 596 85 2.94 4000000
600 601 230 2.94 1200000
605 606 100 2.82 400000
610 611 50 3.07 200000
615 616 95 2.99 800000
620 621 90 2.91 100000
625 626 150 3.05 40000
630 631 70 2.96 2000000
635 636 68 2.94 1500000
640 641 90 2.96 200000
645 646 80 2.87 600000
650 651 310 2.88 2200000
655 656 230 2.95 3000000
660 661 140 2.96 5000000
665 666 380 2.95 400000
670 671 350 2.93 800000
675 676 28 2.75 No reading
680 681 26 2.73 No reading
685 686 35 2.75 No reading
690 691 4 2.93 No reading
695 696 14 2.95 No reading
700 701 6 2.92 No reading
703 704 1600 2.72 No reading
710 711 1300 2.94 No reading
715 716 27 2.96 No reading
720 721 15 2.54 No reading
725 726 34 2.92 No reading
729 730 15 2.91 No reading
731 732 14 2.79 No reading
733 734 18 2.78 No reading
735 736 24 3.05 No reading
100 101 50 2.96 1000000
105 106 34 2.97 1500000
110 111 60 2.97 2000000
115 116 110 2.98 650000
120 121 90 2.96 35000
(continued)
390 391 40 3.00 120000
130 131 35 2.89 800000
135 136 270 2.97 400000
140 141 48 2.92 80000
145 146 150 2.98 100000
150 151 50 2.94 1800000
155 156 80 2.91 1000000
160 161 47 2.89 200000
165 166 126 2.98 35010000
170 171 140 2.92 250000
175 176 47 2.89 1200000
180 181 48 2.98 400000
185 186 46 2.92 350000
190 191 30 2.88 1000000
195 196 150 2.90 800000
200 201 20 2.87 8000000
205 206 186 2.92 350000
210 211 100 2.93 80000
215 216 2500 2.89 400000
220 221 2400 2.93 400000
225 226 2700 2.90 120000
230 231 4000 2.79 220000
235 236 3000 2.64 18000
240 241 5000 2.73 600000
245 246 3500 2.93 400000
250 251 4000 2.78 3000000
255 256 5500 2.72 700000
260 261 5000 2.69 250000
265 266 4200 2.69 1800000
270 271 5000 2.68 390000
275 276 4000 2.72 900000
280 281 1500 2.76 80000
285 286 2800 2.88 100000
290 291 300 2.92 600000
295 296 400 2.92 60000
300 301 450 2.90 2000000
305 306 200 2.89 2000000
310 311 320 2.90 40000
BSD 81A 315 316 100 2.88 350000
320 321 20 2.79 39000
325 326 80 2.86 35000
330 331 20 2.81 3500000
335 336 16 2.84 150000
340 341 60 2.92 500000
345 346 60 2.90 3000000
350 351 65 2.94 6500000
355 356 55 2.80 1000000
360 361 68 2.88 3000000
365 366 45 2.87 100000
370 371 80 2.88 120000
375 376 40 2.92 650000
380 381 80 2.91 1500000
385 386 12 2.90 350000
555 556 10 2.92 150000
755 756 10 2.81 60000000
BSD 88
97 98 30 2.86 150000
395 396 58 2.89 2200000
400 401 70 2.87 350000
405 406 45 2.92 4500000
410 411 38 2.88 180000
415 416 70 2.90 3500000
420 421 40 2.89 400000
425 426 200 2.93 1000000
430 431 190 2.91 700000
435 436 500 2.91 15000000
440 441 350 2.91 8000000
445 446 600 2.93 600000
450 451 800 2.94 no reading
455 456 2500 3.01 null
460 461 2250 2.96 null
465 466 700 2.78 null
470 471 600 2.91 null
475 476 250 2.90 null
480 481 850 2.93 null
485 486 350 2.92 null
490 491 230 2.92 null
495 496 140 2.94 null
515 516 30 2.92 null
520 521 750 2.94 null
525 526 650 2.93 null
535 536 100 2.91 4000000
540 541 45 2.92 3500000
545 546 70 2.92 2500000
550 551 60 2.91 6000000
560 561 50 2.90 null
565 566 12 2.88 15000000
567 568 3 2.76 2000000
570 571 160 2.93 2000000
575 576 80 2.93 5000000
580 581 90 2.92 6000000
585 586 95 2.93 500000
590 591 300 2.93 8000000
595 593 55 2.90 2000000
740 741 8 2.81 3500000
745 746 3 2.77 1000000
82 83 40 2.82 2500000
83 84 30 2.71 30000
84 85 35 2.81 800000
85 86.52 35 2.92 400000
87 88 15 2.67 10000000
88 89 45 2.85 no reading
90 90 48 2.85 no reading
92 91 60 2.96 2000000
96 97 30 2.90 400000
330 331 4 2.72 40000
BSD92
110 111 12 2.91 100000
100 101 50 2.91 60000
105 106 43 2.84 30000
110 111 20 2.89 150000
115 116 15 2.85 12000
120 121 18 2.75 200000
125 126 15 2.89 80000
130 131 20 2.79 4000
135 136 15 2.97 20000
140 141 350 2.87 150000
145 146 390 2.93 100000
150 151 300 2.84 100000
155 156 50 2.85 60000
160 161 280 2.89 20000
165 166 160 2.91 130000
170 171 30 2.91 40000
175 176 180 2.94 200000
180 181 400 2.91 400000
185 186 120 2.93 80000
190 191 200 2.91 60000
195 196 420 2.91 40000
200 201 50 2.89 40000
205 206 20 2.89 1000000
210 211 47 2.91 500000
215 216 20 2.94 300000
220 221 80 2.95 60000
225 226.0 50 2.90 80000
230 231 100 2.92 10000
235 236 75 2.90 150000
240 241 20 2.88 100000
245 246 no reading 2.77 1500000
250 251 45 2.93 200000
255 256 65 2.92 400000
260 261 25 2.91 150000
265 256 35 2.86 40000
270 271 60 2.23 60000
275 276 35 2.86 1200000
280 281 45 2.93 8000
285 286 65 2.93 30000
290 191 110 2.98 60000
295 296 20 2.93 120000
300 301 50 2.92 80000
305 306 75 2.89 6000
310 311 75 2.89 150000
315 316 250 2.90 3500000
320 321 7 2.82 100000
325 326 no reading 2.73 1000000
70 71 14 2.98 null
80 81 50 2.95 1800000
90 91 no reading 2.92 800000
100 101 20 2.96 430000
510 511 80 2.96 2000000
120 121 14 2.97 100000
130 131 15 2.95 60000
140 141 25 2.93 80000
150 151 20 2.94 300000
160 161 20 2.94 600000
170 171 23 2.95 350000
180 181 20 2.93 650000
190 191 80 3.00 30000
200 201 28 2.91 200000
210 211 200 2.93 120000
220 221 30 2.94 500000
230 231 8 2.90 500000
240 241 200 2.91 250000
250 251 280 2.95 12000
260 261 150 2.94 1500000
270 271 10 2.76 700000
290 291 no reading 2.77 75000
310 311 no reading 2.80 120000
330 331 10 2.78 400000
340 341 18 2.80 200000
350 351 10 2.76 600000
353 354 15 2.88 22000
354 355 18 2.88 8000000
355 356 16 2.71 4000
360 361 13 2.71 150000
365 366 13 2.85 400000
375 376 10 2.86 200000
380 381 20 2.86 600000
385 386 18 2.79 40000
390 391 7 2.87 1000000
395 396 40 2.90 1500000
400 401 300 2.91 600000
405 406 35 2.89 1000000
410 411 60 2.89 1500000
420 421 30 2.85 1100000
425 426 140 2.90 200000
430 431 110 2.89 35000
435 436 150 2.89 100000
440 441 40 2.87 150000
445 446 100 2.91 2000000
450 451 80 2.92 800000
455 456 20 2.85 600000
460 461 50 2.91 600000
465 466 90 2.89 800000
470 471 300 2.94 750000
475 476 20 2.90 120000
480 481 50 2.93 110000
485 486 280 2.92 200000
490 491 35 2.92 600000
495 496 28 2.95 1200000
500 501 55 2.98 60000
505 506 140 2.96 1000000
590 591 10 2.84 600000
BSD112
440 441 2.95
445 446 20 2.91 2000000
515 516 300 2.94 1000000
520 521 170 2.96 1100000
525 526 150 2.88 4000000
530 531 5 2.93 100000
535 536 35 2.94 1500000
537 538 70 2.92 1500000
539.8 540.3 17 2.92 800000
540.8 541.2 23 2.92 2000000
542 543 15 2.87 100000
544 545 12 2.79 35000
550 551 60 2.88 600000
560 561 5 2.81 300000
570 571 13 2.81 600000
580 581 12 2.85 1500000
125 126 2200 2.91 4000000
135 136 1000 2.84 45000
145 146 40 2.92 6000000
155 156 150 2.95 150000
165 166 125 2.94 3000000
175 176 60 2.93 2000000
185 186 50 2.94 400000
195 196 380 2.94 150000
205 206 2500 2.95 1500000
215 216 5000 2.95 1000000
225 226 8000 2.75 1800000
235 236 14000 2.73 500000
245 246 15000 2.83 200000
255 256 12500 2.61 110000
265 266 14000 2.70 150000
275 276 12000 2.74 110000
285 286 9000 2.73 4000000
295 296 5500 2.92 4000000
305 306 7500 2.94 4000000
315 316 7000 2.95 4000000
325 326 14000 2.89 400000
335 336 13000 2.84 2000000
345 346 11000 2.77 300000
355 356 5400 2.75 1100000
365 366 5700 2.82 2000000
375 376 3000 2.92 6000000
385 386 6400 2.88 6000000
395 396 3000 2.94 4000000
405 406 56 2.93 3000000
415 416 18 2.94 6000000
425 426 20 2.83 15000000











520 521 10 2.81 6000000
530 531 7 2.80 6000000
450 451 100 2.95 null
455 456 170 3.02 4000000
460 461 150 2.97 6000000
465 466 250 2.98 10000000
470 471 8 2.75 10000000
480 481 18 2.82 4000000
488.7 489.1 18 2.89 3000000
490 491 6 2.74 5000000
500 501 9 2.73 8000000
510 511 20 2.77 3500000

APPENDIX 4 
GEOPHYSICAL DATA ACQUISITION 
Magnetic Susceptibility 
The instrument used to measure magnetic susceptibility on diamond core was a Geometrics 
JH-8 handheld susceptibilitymeter. It was used on cut and rounded core samples. This is 
permissible as long as the diameter of the core is not less than the inducting coil inside the 
magnetic susceptibility meter. lfthe core is smaller, a correction for the air gap between the 
coil and the core must be made, however most core diameter is greater. 
No correction has been applied to the data to account for possible surface effects the data is 
therefore strictly apparent susceptibilities. 
Specific Gravity 
Density measurements have been made on drill core using the displacement-of-water 
method. Specific gravity was collected as the mass per unit volume of rock was compared to 
water. 
Specific Gravity (glcc) = Mass ai/Weight air-Weightwater 
Densities were detennined in this study by laboratory methods. There are two main 
laboratory methods for detennining density, the wet bulk density and the dry bulk density. 
These methods determine the effect ofporosity on the density of rocks, as outlined by 
Emerson (1990). As the rocks in the study are of igneous and metamorphic origin, the effect 
of porosity was not considered as an important feature, as the changing mineralogy with 
metamorphic grade. 
Resistivity/Conductivity 
The resistivity of a rock is the ability of the minerals within the rock to conduct electricity per 
unit oflength. Hence the units for resistivity are ohm-metres. Because most rocks are not 
monominerallic we measure the bulk or apparent resistivity. This can be measured in the 
laboratory using current and potential electrodes connected to the sample. 
The "Ominaisvastusmittari 10 MS-4 (Serial Number - 03)" is a Finnish-made resistivity 
meter that is designed to measure the apparent resistivity for drill core samples. Whole core 
can be placed in a 'clamp' device that has four copper electrodes, two current electrodes and 
two potential electrodes. On cut surfaces a special device is used to measure apparent 
resistivity. This is done using four evenly spaced copper electrodes on a flat surface, once 
again two are current electrodes and two are potential electrodes. 
When a sample is placed in the clamp device the core can be rotated in order to measure the 
resistivity in any preferred alignment that the mineral grains may have normal to the drilling 
direction. This not only allows for the most accurate reading but also analysing the anisotropy 
within samples. For example, magnetite is a very conductive mineral and in banded iron the 
bands ofmassive magnetite will conduct much more effectively and the orientation that the 
sample is measured can greatly affect the apparent resistivity measurement. 
For the cut surface measurement the sample cannot be rotated and therefore the preferred 
orientation cannot be obtained. However, by moving the core along, so different portions of 
the rock are sampled, a satisfactory measurement can be taken. 
The circuitry within the equipment firstly measures the input current at the current electrodes 
and then the voltage between the two potential electrodes. The distance that these electrodes 
are apart is constant for each sample and therefore the geometric factor is constant. This 
allows for the display to read ohm-metres directly. 
The limitations of this instrument are that it can accuratelymeasure between 106 and 10-3 m. 
This is a wide range and a hence a log scale is used, however not all rocks fit within this 
range. It has been found that the massive sulphide samples measure well below 10-3m. 
Measurements that are below this level have been approximated using a multimeter and 
assume that the output voltage/resistivity relationship is linear. 
DOWN HOLE GEOPHYSICAL MEASUREMENTS 
OMS-LOGG 
Inductive conductivity, Magnetic susceptibility and gamma-gamma of drill holes BSD 44A, 
and BSD59 were measured using the OMS-LOGG System. 
CORRELATION OF GEOPHYSICAL LOGS WITH GEOLOGICAL UNITS 
Lab Calibration 
Ideally, representative hand samples and core should be described geologically, 
mineralogicallyand geomechanically, then submitted for a range or rock-property 
determinations. Sub-samples from the same specimens should be geochemically assayed to 
establish relationships between petrophysical properties and elemental abundance. The 
sample suite must include specimens ofboth ore and host lithologies. 
Lab petrophysical results permit calibration ofborehole probes. Two types of calibrations can 
be defined. The first is the calibration of the raw probe output to a physical property (e.g. 
relating gamma-gamma logs to density). The second is the calibration of a physical property 
to another parameter (e.g. relating sonic logs to unconfined compressive strength or 
conductivity to grade.) 
Petrophysical properties measured in situ by a borehole probe can differ from laboratory 
determinations on the drill core taken from the same location for a number of reasons. 
Fundamentally, of course, the measurements relate to different material, namely that which 
was removed from the hole and that which remained around it. Furthermore, the 
petrophysical value provided by a borehole probe is representative of a far larger volume of 
rock (~50  cm diameter cylinder, say) than the corresponding core sample (~5  cm diameter). 
Other factors that cause variance include the insitu rock stress (which mainly affects porosity 
and sonic velocity), salinity and temperature of interstitial fluid (which affect electrical 
conductivity), and drill-induced porosity, permeability and magnetisation .It is suggested that 





deoth Susceptibility lithocode depth Gamma-gamma-CPS depth Conductivit
101.42 -1.8 101.73 24733 102.02 -0.7
101.52 1.1 101.83 23855 102.12 -0.6
101.63 1.6 101.93 24900 102.23 -0.5
101.73 2.7 102.03 25629 102.33 -0.5
101.83 3 102.13 25389 102.43 -0.4
101.93 0.2 102.23 25773 102.53 -0.5
102.03 0.1 102.33 25578 102.63 -0.5
102.14 0.1 102.44 26517 102.74 -0.4
102.24 0.1 102.49 26312 102.84 -0.4
102.34 0.1 102.54 26915 102.94 -0.4
102.44 0.2 102.59 27946 103.04 -0.4
102.54 0.1 102.64 28370 103.14 -0.4
102.65 0 102.69 28703 103.25 -0.3
102.75 0 102.74 29693 103.35 -0.4
102.85 0 102.79 29446 103.45 -0.3
102.95 -0.1 102.84 29772 103.55 -0.3
103.05 0 102.89 29299 103.65 -0.3
103.16 0 102.94 30149 103.76 -0.3
103.26 0 102.99 29093 103.86 -0.3
103.36 0 103.05 29505 103.96 -0.3
103.46 0.1 103.1 28983 104.06 -0.3
103.56 0.2 103.15 29154 104.16 -0.2
103.67 0.1 103.2 28829 104.27 -0.2
103.77 0.2 103.25 29748 104.37 -0.3
103.87 0.5 103.3 29583 104.47 -0.3
103.97 0.5 103.35 29803 104.57 -0.2
104.07 0.3 103.4 28994 104.67 -0.2
104.18 0.3 103.45 28262 104.78 -0.3
104.28 0.3 103.5 28456 104.88 -0.2
104.38 0.3 103.55 28211 104.98 -0.2
104.48 0.4 103.6 28150 105.08 -0.2
104.58 0.6 103.65 29000 105.18 -0.3
104.69 0.6 103.71 28780 105.29 -0.2
104.79 0.6 103.76 28725 105.39 -0.2
104.89 0.6 103.81 28328 105.49 -0.2
104.99 0.7 103.86 27903 105.59 -0.2
105.09 0.7 103.91 27819 105.69 -0.1
105.2 0.6 103.96 26966 105.8 -0.1
105.3 0.6 104.01 26349 105.9 -0.2
105.4 0.6 104.06 25559 106 -0.2
105.5 0.6 104.11 25051 106.1 -0.2
105.6 0.5 104.16 24854 106.2 -0.2
105.71 0.6 104.21 25758 106.31 -0.1
105.81 0.6 104.26 26927 106.41 -0.1
105.91 0.3 104.31 27670 106.51 -0.1
106.01 0.2 104.36 27680 106.61 -0.2
106.11 0.3 104.42 27678 106.71 -0.2
106.22 0.3 104.47 28367 106.82 -0.1
106.32 0.5 104.52 28693 106.92 -0.1
106.42 0.5 104.57 28376 107.02 -0.1
106.52 0.4 104.62 28106 107.12 -0.1
106.63 0.4 104.67 27756 107.23 -0.1
106.73 0.3 104.72 26967 107.33 0
106.83 0.3 104.77 27400 107.43 -0.1
106.93 0.3 104.82 26495 107.53 -0.1
107.03 0.3 104.87 26413 107.63 -0.1
107.14 0.4 104.92 26564 107.74 -0.1
107.24 0.3 104.97 26463 107.84 -0.1
107.34 0.3 105.02 27426 107.94 -0.1
107.44 0.3 105.08 28177 108.04 0
107.54 0.3 105.13 29532 108.14 0
107.65 0.2 105.18 29834 108.25 0
107.75 0.6 105.23 30534 108.35 0.1
107.85 2.2 105.28 30534 108.45 0
107.95 1.3 105.33 30122 108.55 0
108.05 0.2 11 105.38 29169 108.65 0
108.16 0.2 11 105.43 28941 108.76 0
108.26 0.1 11 105.48 28292 108.86 0
108.36 0.3 11 105.53 27952 108.96 0
108.46 0.3 11 105.58 26950 109.06 -0.1
108.56 0.2 11 105.63 26907 109.16 0
108.67 0.2 11 105.68 25216 109.27 0
108.77 0.3 11 105.74 24612 109.37 0
108.87 0.3 11 105.79 24970 109.47 -0.1
108.97 0.4 11 105.84 24688 109.57 0
109.07 0.4 11 105.89 25156 109.67 0
109.18 0.4 11 105.94 25182 109.78 0
109.28 0.3 11 105.99 24724 109.88 -0.1
109.38 0.3 11 106.04 24786 109.98 0
109.48 0.3 11 106.09 24281 110.08 0.1
109.58 0.3 11 106.14 25460 110.18 0
109.69 0.3 11 106.19 24871 110.29 0
109.79 0.2 11 106.24 25100 110.39 0
109.89 0.2 11 106.29 24540 110.49 0
109.99 0.2 11 106.34 23955 110.59 0
110.09 0.2 11 106.4 23948 110.69 0
110.2 0.3 11 106.45 23694 110.8 0.1
110.3 0.2 11 106.5 24081 110.9 0
110.4 0.2 1 106.55 23218 111 0
110.5 0.1 11 106.6 23883 111.1 0
110.6 0.1 11 106.65 23586 111.2 0.1
110.71 0.2 11 106.7 24257 111.31 0
110.81 0.1 11 106.75 23864 111.41 0.1
110.91 0.1 11 106.8 24058 111.51 0.1
111.01 0.2 11 106.85 24018 111.61 0
111.11 0.4 11 106.9 24218 111.71 0
111.22 0.3 11 106.95 24170 111.82 0.1
111.32 0.2 11 107 24275 111.92 0.1
111.42 0.1 11 107.06 24776 112.02 0
111.52 0.1 11 107.11 25288 112.12 -0.1
111.62 0.1 11 107.16 25447 112.22 -0.1
111.72 0.2 11 107.21 25697 112.32 -0.1
111.82 0.2 11 107.26 24803 112.42 -0.1
111.92 0.3 11 107.31 24453 112.52 -0.1
112.02 0.4 11 107.36 24141 112.62 -0.1
112.12 0.4 11 107.41 23852 112.72 -0.1
112.22 0.5 11 107.46 24024 112.82 -0.1
112.32 0.3 11 107.51 24426 112.92 -0.1
112.42 0.3 11 107.56 24049 113.02 -0.1
112.52 0.3 11 107.61 24472 113.12 -0.1
112.62 0.3 11 107.66 24628 113.22 -0.2
112.72 0.3 11 107.72 24709 113.32 -0.1
112.82 0.3 11 107.77 25497 113.42 -0.1
112.92 0.3 11 107.82 24786 113.52 -0.1
113.02 0.3 11 107.87 25046 113.62 -0.1
113.12 0.3 11 107.92 24261 113.72 -0.1
113.22 0.3 11 107.97 24828 113.82 -0.1
113.32 0.3 11 108.02 25600 113.92 -0.1
113.42 0.2 11 108.07 25983 114.02 -0.1
113.52 0.3 11 108.12 25468 114.12 0
113.62 0.3 11 108.17 25019 114.22 0
113.72 0.4 11 108.22 25599 114.32 -0.1
113.82 1.7 11 108.27 26131 114.42 0
113.92 3.5 11 108.32 24960 114.52 0
114.02 1.3 11 108.38 25738 114.62 -0.1
114.12 1.1 11 108.43 25828 114.72 -0.1
114.22 0.7 11 108.48 25693 114.82 0
114.32 0.5 11 108.53 25391 114.92 -0.1
114.42 0.5 11 108.58 25727 115.02 0
114.52 0.4 11 108.63 25570 115.12 0
114.62 0.4 11 108.68 25779 115.22 -0.1
114.72 0.5 11 108.73 25637 115.32 -0.1
114.82 0.5 11 108.78 24919 115.42 -0.1
114.92 0.4 11 108.83 24925 115.52 0
115.02 0.3 11 108.88 25248 115.62 0
115.12 0.3 11 108.93 25613 115.72 -0.1
115.22 0.2 11 108.98 25582 115.82 -0.1
115.32 0.3 11 109.04 25599 115.92 0
115.42 0.3 11 109.09 25819 116.02 0
115.52 0.3 11 109.14 25588 116.12 0
115.62 0.3 11 109.19 25834 116.22 0
115.72 0.4 11 109.24 26047 116.32 0
115.82 0.3 11 109.29 26135 116.42 0
115.92 0.3 11 109.34 26080 116.52 0
116.02 0.3 11 109.39 26224 116.62 0
116.12 0.2 11 109.44 25365 116.72 0.1
116.22 0.2 11 109.49 25204 116.82 0.1
116.32 0.2 11 109.54 26125 116.92 0
116.42 0.2 11 109.59 25085 117.02 0
116.52 0.2 11 109.64 25617 117.12 0
116.62 0.2 11 109.69 25584 117.22 0
116.72 0.2 11 109.75 25064 117.32 0
116.82 0.2 11 109.8 25154 117.42 0
116.92 0.2 11 109.85 24664 117.52 -0.1
117.02 0.2 11 109.9 24954 117.62 0
117.12 0.1 11 109.95 25375 117.72 0
117.22 0.1 11 110 24451 117.82 0
117.32 0.2 11 110.05 25266 117.92 -0.1
117.42 0.3 11 110.1 24731 118.02 0
117.52 0.3 11 110.15 24587 118.12 0.1
117.62 0.3 11 110.2 25234 118.22 0
117.72 0.4 11 110.25 24357 118.32 0
117.82 0.4 11 110.3 25131 118.42 -0.1
117.92 0.6 11 110.35 26258 118.52 0
123.54 0.3 11 113.18 23908 124.14 0.1
118.02 0.6 11 110.41 26916 118.62 0
118.12 0.5 11 110.46 27010 118.72 0
118.22 0.4 11 110.51 28107 118.82 0
118.32 0.4 11 110.56 27064 118.92 0
118.42 0.3 11 110.61 27015 119.02 -0.1
118.52 0.3 11 110.66 25629 119.12 0
118.62 0.3 11 110.71 25908 119.22 -0.1
118.72 0.3 11 110.76 25949 119.32 0.1
118.82 0.2 11 110.81 25344 119.42 -0.1
118.92 0.3 11 110.86 26173 119.52 0
119.02 0.3 11 110.91 25435 119.62 0
119.12 0.2 11 110.96 25680 119.72 0
119.22 0.2 11 111.01 25888 119.82 0.1
119.32 0.3 11 111.07 25179 119.92 0
119.42 0.3 11 111.12 24345 120.02 0
119.52 0.3 11 111.17 24541 120.12 0
119.62 0.3 11 111.22 24402 120.22 0
119.72 0.3 11 111.27 24986 120.32 -0.1
119.82 0.3 11 111.32 25911 120.42 0
119.92 0.6 11 111.37 25328 120.52 0
120.02 0.7 11 111.42 25193 120.62 0.1
120.12 0.8 11 111.47 25309 120.72 0.1
120.22 0.5 11 111.52 25614 120.82 0
120.32 0.4 11 111.57 25552 120.92 0
120.42 0.3 11 111.62 25484 121.02 0
120.52 0.3 11 111.67 25535 121.12 0
120.62 0.3 11 111.73 25478 121.22 0
120.72 0.3 11 111.78 25861 121.32 0.1
120.82 0.2 11 111.83 25485 121.42 0
120.92 0.2 11 111.88 25700 121.52 0
121.02 0.2 11 111.93 26133 121.62 0
121.12 0.3 11 111.98 25806 121.72 0.1
121.22 0.5 11 112.03 26069 121.82 0.1
121.32 0.5 11 112.08 25971 121.92 0
121.42 0.5 11 112.13 26366 122.02 0
121.52 0.4 11 112.18 26011 122.12 0
121.62 0.5 11 112.23 26247 122.22 -0.1
121.72 0.5 11 112.28 25626 122.32 -0.1
121.82 0.4 11 112.33 25395 122.42 -0.1
121.93 0.4 11 112.38 25959 122.53 0
122.03 0.3 11 112.43 25497 122.63 -0.1
122.13 0.3 11 112.48 25297 122.73 -0.1
122.23 0.3 11 112.53 25854 122.83 0
122.33 0.2 11 112.58 25817 122.93 0
122.43 0.2 11 112.63 25658 123.03 0.1
122.53 0.5 11 112.68 25863 123.13 0.1
122.63 1.2 11 112.73 25680 123.23 0
122.73 0.6 11 112.78 25835 123.33 0.1
122.83 0.6 11 112.83 25676 123.43 0.1
122.94 0.5 11 112.88 25698 123.54 0.1
123.04 0.5 11 112.93 25410 123.64 0.1
123.14 0.5 11 112.98 25939 123.74 0.1
123.24 0.4 11 113.03 25259 123.84 0.1
123.34 0.4 11 113.08 25765 123.94 0
123.44 0.3 11 113.13 24441 124.04 0
129.2 0.5 11 116 24925 129.8 0.4
123.64 0.3 11 113.23 24561 124.24 0.1
123.74 0.2 11 113.28 24673 124.34 0.2
123.84 0.2 11 113.33 24541 124.44 0.1
123.95 0.1 11 113.38 25009 124.55 0.1
124.05 0.2 11 113.43 23963 124.65 0.1
124.15 0.2 11 113.48 24550 124.75 0.1
124.25 0.2 11 113.53 24808 124.85 0.1
124.35 0.2 11 113.58 25232 124.95 0.1
124.45 0.2 11 113.63 24706 125.05 0.1
124.55 0.2 11 113.68 24672 125.15 0.2
124.65 0.1 11 113.74 24484 125.25 0.1
124.75 0.2 11 113.79 24209 125.35 0.1
124.85 0.2 11 113.84 23967 125.45 0
124.96 0.3 11 113.89 24358 125.56 0.2
125.06 0.3 11 113.94 23768 125.66 0.1
125.16 0.3 11 113.99 23473 125.76 0.1
125.26 0.5 11 114.04 23565 125.86 0.1
125.36 0.3 11 114.09 23892 125.96 0.1
125.46 0.3 11 114.14 24921 126.06 0.1
125.56 0.2 11 114.19 24570 126.16 0.2
125.66 0.5 11 114.24 24820 126.26 0.2
125.76 1.9 11 114.29 25478 126.36 0.2
125.86 1.7 11 114.34 25644 126.46 0.2
125.97 1 11 114.39 25929 126.57 0.3
126.07 0.9 11 114.44 25802 126.67 0.2
126.17 0.6 11 114.49 25050 126.77 0.2
126.27 0.5 11 114.54 25454 126.87 0.2
126.37 0.4 11 114.59 25586 126.97 0.2
126.47 0.4 11 114.64 25667 127.07 0.1
126.57 0.3 11 114.69 25840 127.17 0.2
126.67 0.3 11 114.74 25727 127.27 0.2
126.77 0.4 11 114.79 25864 127.37 0.2
126.88 0.4 11 114.84 25309 127.48 0.2
126.98 0.4 11 114.89 24768 127.58 0.2
127.08 0.3 11 114.94 24813 127.68 0.2
127.18 0.3 11 114.99 25779 127.78 0.2
127.28 0.2 11 115.04 25682 127.88 0.2
127.38 0.3 11 115.09 25557 127.98 0.2
127.48 0.3 11 115.14 25680 128.08 0.3
127.58 0.4 11 115.19 25912 128.18 0.3
127.68 0.4 11 115.24 25298 128.28 0.3
127.78 0.4 11 115.29 25448 128.38 0.3
127.89 0.5 11 115.34 24947 128.49 0.1
127.99 0.4 11 115.39 24858 128.59 0.2
128.09 0.3 11 115.44 25362 128.69 0.2
128.19 0.3 11 115.49 25563 128.79 0.3
128.29 0.3 11 115.54 25994 128.89 0.3
128.39 0.3 11 115.59 25980 128.99 0.3
128.49 0.3 11 115.64 25423 129.09 0.2
128.59 0.3 11 115.69 25558 129.19 0.3
128.69 0.4 11 115.75 25934 129.29 0.3
128.79 0.6 11 115.8 25654 129.39 0.3
128.9 0.6 11 115.85 25345 129.5 0.3
129 0.6 11 115.9 25889 129.6 0.3
129.1 0.6 11 115.95 25450 129.7 0.4
134.85 1.3 11 118.81 26018 135.45 0.5
129.3 0.5 11 116.05 25409 129.9 0.3
129.4 0.4 11 116.1 25750 130 0.2
129.5 0.4 11 116.15 25676 130.1 0.2
129.6 0.4 11 116.2 25400 130.2 0.2
129.7 0.4 11 116.25 25378 130.3 0.2
129.8 0.4 11 116.3 25529 130.4 0.3
129.91 0.4 11 116.35 25163 130.51 0.2
130.01 0.4 11 116.4 25793 130.61 0.2
130.11 0.4 11 116.45 26315 130.71 0.3
130.21 0.4 11 116.5 26175 130.81 0.2
130.31 0.4 11 116.55 25640 130.91 0.3
130.41 0.3 11 116.6 25642 131.01 0.3
130.51 0.3 11 116.65 25595 131.11 0.3
130.61 0.3 11 116.7 26227 131.21 0.3
130.71 0.3 11 116.75 25791 131.31 0.4
130.81 0.2 11 116.8 26250 131.41 0.3
130.92 0.2 11 116.85 26420 131.52 0.3
131.02 0.2 11 116.9 26043 131.62 0.3
131.12 0.2 11 116.95 26580 131.72 0.3
131.22 0.3 11 117 26610 131.82 0.3
131.32 0.3 11 117.05 26423 131.92 0.3
131.42 0.2 11 117.1 27005 132.02 0.2
131.52 0.2 11 117.15 25695 132.12 0.1
131.62 0.2 11 117.2 26084 132.22 0.1
131.72 0.4 11 117.25 25505 132.32 0.1
131.82 0.6 11 117.3 26231 132.42 0.1
131.93 0.7 11 117.35 26036 132.53 0.1
132.03 0.6 11 117.4 24500 132.63 0.1
132.13 0.5 11 117.45 25455 132.73 0.1
132.23 0.4 11 117.5 25537 132.83 0.1
132.33 0.4 11 117.55 25370 132.93 0.2
132.43 0.3 11 117.6 25758 133.03 0
132.53 0.3 11 117.65 26112 133.13 0.1
132.63 0.3 11 117.71 25643 133.23 0.1
132.73 0.3 11 117.76 25152 133.33 0.1
132.83 0.3 11 117.81 25887 133.43 0.1
132.94 0.4 11 117.86 25385 133.54 0.2
133.04 0.4 11 117.91 25497 133.64 0.2
133.14 0.4 11 117.96 25652 133.74 0.2
133.24 0.4 11 118.01 25478 133.84 0.3
133.34 0.4 11 118.06 25461 133.94 0.2
133.44 0.4 11 118.11 25682 134.04 0.1
133.54 0.5 11 118.16 25562 134.14 0.2
133.64 0.5 11 118.21 25617 134.24 0.2
133.74 0.4 11 118.26 25926 134.34 0.2
133.84 0.4 11 118.31 26000 134.44 0.3
133.95 0.4 11 118.36 25937 134.55 0.3
134.05 0.4 11 118.41 26367 134.65 0.4
134.15 0.5 11 118.46 26273 134.75 0.4
134.25 0.6 11 118.51 25684 134.85 0.4
134.35 0.7 11 118.56 25889 134.95 0.4
134.45 0.9 11 118.61 25981 135.05 0.4
134.55 1.2 11 118.66 25738 135.15 0.4
134.65 1.2 11 118.71 25923 135.25 0.4
134.75 1.3 11 118.76 25663 135.35 0.5
140.51 0.3 11 121.62 26047 141.11 0.6
134.96 0.7 11 118.86 25526 135.56 0.4
135.06 0.8 11 118.91 25769 135.66 0.4
135.16 0.7 11 118.96 25658 135.76 0.5
135.26 0.7 11 119.01 26066 135.86 0.4
135.36 0.6 11 119.06 25546 135.96 0.3
135.46 0.5 11 119.11 25673 136.06 0.4
135.56 0.6 11 119.16 25536 136.16 0.5
135.66 0.5 11 119.21 25765 136.26 0.5
135.76 0.6 11 119.26 25652 136.36 0.5
135.86 0.4 11 119.31 26532 136.46 0.5
135.97 0.3 11 119.36 25976 136.57 0.5
136.07 0.4 11 119.41 25739 136.67 0.6
136.17 0.7 11 119.46 26058 136.77 0.7
136.27 0.3 11 119.51 26043 136.87 0.6
136.37 0.5 11 119.56 25716 136.97 0.6
136.47 0.6 11 119.61 26227 137.07 0.6
136.57 0.5 11 119.66 26027 137.17 0.6
136.67 0.4 11 119.72 26289 137.27 0.6
136.77 0.4 11 119.77 26152 137.37 0.6
136.88 0.4 11 119.82 25938 137.48 0.6
136.98 0.4 11 119.87 26558 137.58 0.6
137.08 0.4 11 119.92 26347 137.68 0.6
137.18 0.4 11 119.97 25628 137.78 0.6
137.28 0.3 11 120.02 26097 137.88 0.6
137.38 0.5 11 120.07 26139 137.98 0.6
137.48 0.4 11 120.12 26586 138.08 0.6
137.58 0.3 11 120.17 26559 138.18 0.6
137.68 0.8 11 120.22 25638 138.28 0.7
137.78 2 11 120.27 25213 138.38 0.7
137.89 0.9 11 120.32 25673 138.49 0.6
137.99 0.6 11 120.37 25629 138.59 0.6
138.09 0.5 11 120.42 25132 138.69 0.6
138.19 0.5 11 120.47 26426 138.79 0.6
138.29 0.5 11 120.52 25787 138.89 0.6
138.39 0.5 1 120.57 26402 138.99 0.6
138.49 0.4 1 120.62 26329 139.09 0.6
138.59 0.4 1 120.67 25480 139.19 0.6
138.69 0.4 1 120.72 26359 139.29 0.6
138.79 0.4 1 120.77 26971 139.39 0.5
138.9 0.5 11 120.82 26325 139.5 0.5
139 0.5 11 120.87 25865 139.6 0.6
139.1 0.5 11 120.92 26208 139.7 0.5
139.2 0.5 11 120.97 26168 139.8 0.6
139.3 0.4 11 121.02 26010 139.9 0.6
139.4 0.4 11 121.07 27977 140 0.5
139.5 0.4 11 121.12 27216 140.1 0.6
139.6 0.4 11 121.17 27280 140.2 0.6
139.7 0.5 11 121.22 26262 140.3 0.6
139.8 0.4 11 121.27 26130 140.4 0.6
139.91 0.6 11 121.32 25635 140.51 0.6
140.01 0.5 11 121.37 26263 140.61 0.6
140.11 0.5 11 121.42 25040 140.71 0.6
140.21 0.4 11 121.47 25147 140.81 0.6
140.31 0.4 11 121.52 24903 140.91 0.6
140.41 0.3 11 121.57 25722 141.01 0.6
146.17 0.5 11 124.38 25968 146.77 -0.3
140.61 0.3 11 121.67 25381 141.21 0.6
140.71 0.3 11 121.73 25827 141.31 0.6
140.81 0.2 11 121.77 25700 141.41 0.2
140.92 0.2 11 121.82 25886 141.52 0.8
141.02 0.2 11 121.87 25762 141.62 0.7
141.12 0.2 11 121.92 25996 141.72 0.7
141.22 0.2 11 121.97 25475 141.82 0.7
141.32 0.2 11 122.02 26187 141.92 0.6
141.42 0.1 11 122.07 25950 142.02 0.5
141.52 0.1 11 122.12 25963 142.12 0.4
141.62 0.1 11 122.17 25884 142.22 0.4
141.72 0.1 11 122.22 25405 142.32 0.4
141.82 0.1 11 122.27 24813 142.42 0.3
141.93 0.1 11 122.32 25994 142.53 0.4
142.03 0.1 11 122.37 25705 142.63 0.4
142.13 0.1 11 122.41 25722 142.73 0.4
142.23 0.1 11 122.46 26859 142.83 0.4
142.33 0.1 11 122.51 26716 142.93 0.4
142.43 0.1 11 122.56 26095 143.03 -0.4
142.53 0.2 11 122.61 26491 143.13 -0.4
142.63 0.3 11 122.66 26976 143.23 -0.4
142.73 0.3 11 122.71 27811 143.33 -0.4
142.83 0.4 11 122.76 27652 143.43 0.4
142.94 0.3 11 122.81 27176 143.54 0.5
143.04 0.4 11 122.86 27934 143.64 0.4
143.14 0.4 11 122.91 27390 143.74 0.5
143.24 0.5 11 122.96 27412 143.84 0.5
143.34 0.6 11 123.01 26933 143.94 0.5
143.44 0.5 11 123.05 26915 144.04 0.4
143.54 0.4 11 123.1 26480 144.14 0.5
143.64 0.4 11 123.15 26102 144.24 0.5
143.74 0.5 11 123.2 25964 144.34 0.5
143.84 0.4 11 123.25 26283 144.44 0.5
143.95 0.3 11 123.3 26994 144.55 0.5
144.05 0.3 11 123.35 25963 144.65 0.5
144.15 0.3 11 123.4 25917 144.75 0.4
144.25 0.2 11 123.45 26532 144.85 -0.4
144.35 0.2 11 123.5 24930 144.95 -0.3
144.45 0.2 11 123.55 25870 145.05 -0.3
144.55 0.2 11 123.6 25585 145.15 -0.3
144.65 0.3 11 123.65 25879 145.25 -0.4
144.75 0.6 11 123.7 25834 145.35 -0.4
144.85 0.7 1 123.74 26243 145.45 -0.3
144.96 0.6 1 123.79 26086 145.56 -0.4
145.06 0.5 11 123.84 26567 145.66 -0.4
145.16 0.6 11 123.89 26254 145.76 -0.4
145.26 0.7 1 123.94 26625 145.86 -0.3
145.36 0.9 1 123.99 25406 145.96 -0.3
145.46 0.8 1 124.04 27037 146.06 -0.3
145.56 0.7 1 124.09 25730 146.16 -0.3
145.66 0.6 1 124.14 25702 146.26 -0.3
145.76 0.6 1 124.19 25625 146.36 -0.4
145.86 0.6 11 124.24 25448 146.46 -0.3
145.97 0.6 11 124.29 25697 146.57 -0.3
146.07 0.5 11 124.34 25969 146.67 -0.3
151.82 0.4 2 127.14 26489 152.42 -0.2
146.27 0.3 11 124.43 26156 146.87 -0.3
146.37 0.3 11 124.48 26873 146.97 -0.3
146.47 0.2 11 124.53 26210 147.07 -0.3
146.57 0.2 11 124.58 26283 147.17 -0.3
146.67 0.3 11 124.63 26751 147.27 -0.3
146.77 0.4 11 124.68 26760 147.37 -0.3
146.88 0.5 11 124.73 27355 147.48 -0.3
146.98 0.6 11 124.78 27332 147.58 -0.3
147.08 0.7 11 124.83 26859 147.68 -0.3
147.18 0.7 11 124.88 27206 147.78 -0.3
147.28 0.7 11 124.93 26603 147.88 -0.2
147.38 0.8 11 124.98 26541 147.98 -0.3
147.48 0.7 11 125.03 26302 148.08 -0.3
147.58 0.6 11 125.07 26476 148.18 -0.3
147.68 0.6 1 125.12 26338 148.28 -0.3
147.78 0.5 1 125.17 26846 148.38 -0.4
147.89 0.5 1 125.22 26021 148.49 -0.3
147.99 0.5 1 125.27 26281 148.59 -0.3
148.09 0.5 1 125.32 26669 148.69 -0.3
148.19 0.5 1 125.37 26057 148.79 -0.3
148.29 0.6 1 125.42 26685 148.89 -0.3
148.39 1.1 1 125.47 26071 148.99 -0.3
148.49 2 1 125.52 26108 149.09 -0.3
148.59 0.8 1 125.57 26437 149.19 -0.3
148.69 0.5 11 125.62 26572 149.29 -0.3
148.79 0.5 11 125.67 26730 149.39 -0.4
148.9 0.4 1 125.71 26503 149.5 -0.3
149 0.4 1 125.76 25883 149.6 -0.3
149.1 0.4 11 125.81 26052 149.7 -0.3
149.2 0.4 11 125.86 26318 149.8 -0.3
149.3 0.4 11 125.91 26312 149.9 -0.3
149.4 0.4 11 125.96 26768 150 -0.3
149.5 0.3 11 126.01 26383 150.1 -0.3
149.6 0.4 11 126.06 27385 150.2 -0.3
149.7 1 11 126.11 26651 150.3 -0.2
149.8 1.1 11 126.16 26541 150.4 -0.2
149.91 0.8 11 126.21 26896 150.51 -0.1
150.01 0.7 2 126.26 26772 150.61 -0.1
150.11 0.8 2 126.31 26742 150.71 -0.1
150.21 0.8 2 126.36 26008 150.81 -0.1
150.31 0.9 2 126.4 26404 150.91 -0.1
150.41 1 2 126.45 26100 151.01 -0.1
150.51 1.2 2 126.5 25987 151.11 -0.1
150.61 1.2 2 126.55 25758 151.21 -0.1
150.71 1.4 2 126.6 25692 151.31 -0.1
150.81 1.3 2 126.65 25489 151.41 -0.1
150.92 1.1 2 126.7 26297 151.52 -0.2
151.02 1 2 126.75 26301 151.62 -0.2
151.12 0.9 2 126.8 25915 151.72 -0.1
151.22 0.8 2 126.85 25404 151.82 -0.2
151.32 0.7 2 126.9 25079 151.92 -0.2
151.42 0.4 2 126.95 25661 152.02 -0.3
151.52 0.4 2 127 26328 152.12 -0.2
151.62 0.4 2 127.04 26248 152.22 -0.2
151.72 0.4 2 127.09 26616 152.32 -0.2
157.38 0.8 1 129.85 26356 157.98 -0.1
157.48 1 1 129.9 26475 158.08 -0.1
151.93 0.4 2 127.19 26698 152.53 -0.2
152.03 0.3 2 127.24 26721 152.63 -0.2
152.13 0.3 2 127.29 26945 152.73 -0.2
152.23 0.4 2 127.34 26474 152.83 -0.2
152.33 0.3 2 127.39 26469 152.93 -0.2
152.43 0.3 2 127.44 26223 153.03 -0.2
152.53 0.3 2 127.49 26663 153.13 -0.2
152.63 0.3 2 127.54 25663 153.23 -0.2
152.73 0.3 2 127.59 25851 153.33 -0.2
152.83 0.3 2 127.64 25528 153.43 -0.2
152.94 0.3 2 127.69 25460 153.54 -0.2
153.04 0.3 2 127.73 26252 153.64 -0.2
153.14 0.3 2 127.78 26255 153.74 -0.2
153.24 0.4 2 127.83 25492 153.84 -0.2
153.34 0.4 2 127.88 26407 153.94 -0.2
153.44 0.4 2 127.93 26685 154.04 -0.2
153.54 0.4 2 127.98 26104 154.14 -0.2
153.64 0.4 2 128.03 25798 154.24 -0.2
153.74 0.4 2 128.08 25995 154.34 -0.2
153.84 0.3 2 128.13 25565 154.44 -0.2
153.95 0.4 2 128.18 26927 154.55 -0.2
154.05 0.4 2 128.23 26318 154.65 -0.2
154.15 0.4 2 128.28 26305 154.75 -0.2
154.25 0.5 2 128.33 26216 154.85 -0.2
154.35 0.6 2 128.37 26420 154.95 -0.2
154.45 0.6 2 128.42 26129 155.05 -0.1
154.55 0.7 1 128.47 26011 155.15 -0.1
154.65 0.7 1 128.52 26535 155.25 -0.2
154.75 0.7 1 128.57 25956 155.35 -0.2
154.85 0.6 1 128.62 25459 155.45 -0.2
154.96 0.6 1 128.67 26424 155.56 -0.2
155.06 0.5 1 128.72 25039 155.66 -0.2
155.16 0.5 1 128.77 25770 155.76 -0.1
155.26 0.5 1 128.82 25803 155.86 -0.1
155.36 0.5 1 128.87 25554 155.96 -0.2
155.46 0.5 1 128.92 25028 156.06 -0.1
155.56 0.6 1 128.97 25169 156.16 -0.2
155.66 1.3 1 129.02 25736 156.26 -0.2
155.76 1.8 1 129.06 26280 156.36 -0.2
155.86 1 1 129.11 24692 156.46 -0.2
155.97 0.9 1 129.16 25114 156.57 -0.1
156.07 0.7 1 129.21 25276 156.67 -0.2
156.17 0.7 1 129.26 25994 156.77 -0.2
156.27 0.6 1 129.31 25751 156.87 -0.2
156.37 0.6 1 129.36 25736 156.97 -0.2
156.47 0.6 1 129.41 25479 157.07 -0.2
156.57 0.6 1 129.46 25593 157.17 -0.2
156.67 0.8 1 129.51 25554 157.27 -0.2
156.77 0.8 1 129.56 25968 157.37 -0.2
156.88 0.7 1 129.61 26352 157.48 -0.2
156.98 0.5 1 129.66 26464 157.58 -0.2
157.08 0.6 1 129.7 25863 157.68 -0.2
157.18 0.7 1 129.75 25521 157.78 -0.1
157.28 0.8 1 129.8 26398 157.88 -0.2
163.02 1.9 6.5 132.65 26209 163.62 -0.1
163.12 3.9 6.5 132.71 26598 163.72 -0.1
157.58 1.1 1 129.95 26041 158.18 -0.1
157.68 1 1 130 25741 158.28 0
157.78 0.9 1 130.05 25539 158.38 -0.1
157.89 0.9 1 130.1 26333 158.49 -0.1
157.99 0.9 1 130.15 25750 158.59 0
158.09 0.9 1 130.2 25803 158.69 -0.1
158.19 1 1 130.25 26382 158.79 0
158.29 1.2 1 130.3 26203 158.89 -0.1
158.39 1.2 1 130.35 26489 158.99 0
158.49 1.2 1 130.39 26174 159.09 0
158.59 1.4 1 130.44 25903 159.19 0
158.69 1.3 1 130.49 25744 159.29 -0.1
158.79 1.2 1 130.54 26099 159.39 -0.1
158.9 1.1 1 130.59 26724 159.5 0
159 1.2 1 130.64 26378 159.6 -0.1
159.1 0.9 1 130.69 25691 159.7 0
159.2 0.8 1 130.74 27392 159.8 0
159.3 0.7 1 130.79 26698 159.9 -0.1
159.4 0.7 1 130.84 26128 160 0
159.5 0.7 1 130.89 26136 160.1 0.1
159.6 0.6 1 130.94 26158 160.2 0.1
159.7 0.6 1 130.99 26271 160.3 0.1
159.8 0.6 1 131.03 26929 160.4 0.2
159.91 0.5 2 131.08 25846 160.51 0.1
160.01 0.6 2 131.13 25886 160.61 0.1
160.11 0.7 2 131.18 26553 160.71 0.1
160.21 0.6 2 131.23 26159 160.81 0.1
160.31 0.5 2 131.28 25861 160.91 0.1
160.41 0.5 2 131.33 25815 161.01 0.1
160.51 0.7 2 131.38 26535 161.11 0.1
160.61 0.6 2 131.43 26446 161.21 0.1
160.71 0.6 2 131.48 26020 161.31 0
160.81 0.6 2 131.53 26164 161.41 0.1
160.92 0.5 2 131.58 26244 161.52 0.1
161.02 0.5 2 131.63 26769 161.62 0.1
161.12 0.6 2 131.68 25842 161.72 0.1
161.22 0.7 2 131.72 26205 161.82 0.1
161.32 0.5 2 131.78 25678 161.92 0.1
161.42 0.5 2 131.83 26534 162.02 0.1
161.52 0.6 1 131.88 26991 162.12 0
161.62 0.6 1 131.93 26688 162.22 0
161.72 0.8 1 131.98 26264 162.32 0
161.82 0.9 1 132.04 26734 162.42 0
161.92 1.7 1 132.09 27169 162.52 0
162.02 1.8 1 132.14 26102 162.62 0
162.12 1.9 1 132.19 26802 162.72 0
162.22 2.2 1 132.24 26635 162.82 0
162.32 2.9 1 132.29 26544 162.92 0.1
162.42 2.7 1 132.34 25883 163.02 0
162.52 3.2 1 132.4 26000 163.12 -0.1
162.62 2.8 1 132.45 26719 163.22 -0.1
162.72 1.9 1 132.5 26028 163.32 0
162.82 2 1 132.55 26649 163.42 -0.1
162.92 1.5 1 132.6 26330 163.52 -0.1
168.62 2.4 6.5 135.54 26166 169.22 0.3
168.72 2.2 6.5 135.59 25798 169.32 0.2
163.22 4.3 6.5 132.76 26423 163.82 -0.1
163.32 4 6.5 132.81 26839 163.92 -0.1
163.42 4.4 6.5 132.86 26019 164.02 -0.1
163.52 4.3 6.5 132.91 26319 164.12 0
163.62 4.3 6.5 132.96 26623 164.22 0
163.72 4.9 6.5 133.01 26834 164.32 0.1
163.82 5.2 6.5 133.07 26651 164.42 0
163.92 3.9 6.5 133.12 26354 164.52 0.1
164.02 3.5 6.5 133.17 25611 164.62 0
164.12 4 6.5 133.22 26176 164.72 0.1
164.22 3.9 6.5 133.27 25708 164.82 0.1
164.32 3.7 6.5 133.32 25847 164.92 0
164.42 3.5 6.5 133.38 25503 165.02 0
164.52 3.2 6.5 133.43 26766 165.12 0
164.62 2.9 6.5 133.48 25904 165.22 0.1
164.72 2.8 6.5 133.53 26331 165.32 0.1
164.82 3.4 6.5 133.58 25832 165.42 0
164.92 3.1 6.5 133.63 25896 165.52 0
165.02 3.2 6.5 133.68 26537 165.62 0.1
165.12 2.9 6.5 133.74 26479 165.72 0.2
165.22 3 6.5 133.79 26049 165.82 0.2
165.32 2.8 6.5 133.84 26514 165.92 0.2
165.42 2.7 6.5 133.89 25936 166.02 0.2
165.52 2.3 6.5 133.94 25940 166.12 0.3
165.62 2.4 6.5 133.99 26021 166.22 0.2
165.72 2.4 6.5 134.05 26648 166.32 0.2
165.82 2.3 6.5 134.1 25875 166.42 0.2
165.92 2.3 6.5 134.15 25954 166.52 0.1
166.02 2 6.5 134.2 25740 166.62 0.3
166.12 1.9 6.5 134.25 25322 166.72 0.2
166.22 1.9 6.5 134.3 25986 166.82 0.2
166.32 1.6 6.5 134.35 25421 166.92 0.1
166.42 1.5 6.5 134.41 25661 167.02 0.1
166.52 1.6 6.5 134.46 25446 167.12 0.2
166.62 1.7 6.5 134.51 25846 167.22 0.1
166.72 1.3 6.5 134.56 25765 167.32 0.1
166.82 1.2 6.5 134.61 26183 167.42 0.2
166.92 1.3 6.5 134.66 26149 167.52 0.2
167.02 1.3 6.5 134.72 26486 167.62 0.1
167.12 1.1 6.5 134.77 25976 167.72 0.1
167.22 1.2 6.5 134.82 26034 167.82 0.1
167.32 1.2 6.5 134.87 25808 167.92 0.1
167.42 1.4 6.5 134.92 26310 168.02 0.1
167.52 1.5 6.5 134.97 26354 168.12 0.1
167.62 1.5 6.5 135.02 25560 168.22 0.1
167.72 1.5 6.5 135.08 25439 168.32 0.2
167.82 1.4 6.5 135.13 25933 168.42 0.2
167.92 1.3 6.5 135.18 25240 168.52 0.2
168.02 1.7 6.5 135.23 26132 168.62 0.2
168.12 1.7 6.5 135.28 25466 168.72 0.2
168.22 1.7 6.5 135.33 25292 168.82 0.3
168.32 1.9 6.5 135.39 25925 168.92 0.2
168.42 1.8 6.5 135.44 25930 169.02 0.2
168.52 2 6.5 135.49 26153 169.12 0.2
174.25 0.9 6.5 138.43 26142 174.85 -0.2
174.35 1 6.5 138.48 26194 174.95 -0.2
168.82 2.3 6.5 135.64 25814 169.42 0.2
168.92 2.2 6.5 135.69 25761 169.52 0.1
169.02 1.9 6.5 135.75 26768 169.62 0.1
169.12 1.8 6.5 135.8 25848 169.72 0.2
169.22 1.8 6.5 135.85 25510 169.82 0.3
169.32 1.7 6.5 135.9 25928 169.92 0.3
169.42 1.6 6.5 135.95 26528 170.02 0.3
169.52 1.5 6.5 136 25640 170.12 0.3
169.62 1.7 6.5 136.06 26164 170.22 0.3
169.72 1.6 6.5 136.11 26383 170.32 0.3
169.82 1.2 6.5 136.16 25502 170.42 0.4
169.92 1.1 6.5 136.21 26100 170.52 0.3
170.02 1.2 6.5 136.26 26334 170.62 0.3
170.12 1.3 6.5 136.31 26475 170.72 0.3
170.22 1.2 6.5 136.36 26773 170.82 0.3
170.32 1.2 6.5 136.42 26417 170.92 0.3
170.42 1.1 6.5 136.47 26303 171.02 0.3
170.52 1.1 6.5 136.52 24993 171.12 0.3
170.62 1.4 6.5 136.57 25979 171.22 0.3
170.72 1.8 6.5 136.62 25980 171.32 0.3
170.82 1.9 6.5 136.67 26600 171.42 0.3
170.92 2 6.5 136.73 25820 171.52 0.4
171.02 2.1 6.5 136.78 26325 171.62 0.3
171.12 2.1 6.5 136.83 26011 171.72 0.3
171.22 2 6.5 136.88 26274 171.82 0.3
171.32 2.1 6.5 136.93 26188 171.92 0.3
171.42 2.2 6.5 136.98 26211 172.02 0
171.52 1.9 6.5 137.04 26683 172.12 -0.3
171.62 1.6 6.5 137.09 26162 172.22 -0.3
171.72 1.8 6.5 137.14 25404 172.32 -0.3
171.82 1.6 6.5 137.19 25880 172.42 -0.3
171.93 1.6 6.5 137.24 26165 172.53 -0.3
172.03 1.6 6.5 137.29 27037 172.63 -0.3
172.13 1.5 6.5 137.34 26062 172.73 -0.3
172.23 1.5 6.5 137.4 26014 172.83 -0.3
172.33 1.5 6.5 137.45 26145 172.93 -0.2
172.43 1.4 6.5 137.5 25839 173.03 -0.2
172.53 1.3 6.5 137.55 26711 173.13 -0.3
172.63 0.9 6.5 137.6 26306 173.23 -0.3
172.73 1.1 6.5 137.65 26443 173.33 -0.2
172.83 1.3 6.5 137.71 26464 173.43 -0.2
172.94 1.2 6.5 137.76 26044 173.54 -0.2
173.04 1.2 6.5 137.81 25679 173.64 -0.3
173.14 1.2 6.5 137.86 26216 173.74 -0.3
173.24 1.1 6.5 137.91 26251 173.84 -0.2
173.34 1.2 6.5 137.96 25772 173.94 -0.2
173.44 1.2 6.5 138.01 25542 174.04 -0.1
173.54 1.4 6.5 138.07 26148 174.14 -0.2
173.64 1.4 6.5 138.12 26659 174.24 -0.2
173.74 1.1 6.5 138.17 26248 174.34 -0.2
173.84 0.9 6.5 138.22 26254 174.44 -0.2
173.95 1.2 6.5 138.27 25739 174.55 -0.3
174.05 1 6.5 138.32 25544 174.65 -0.2
174.15 1.1 6.5 138.38 26213 174.75 -0.2
179.91 0.9 6.5 141.31 26153 180.51 -0.1
180.01 0.9 6.5 141.36 26294 180.61 0
174.45 1.1 6.5 138.53 26200 175.05 -0.1
174.55 1 6.5 138.58 26134 175.15 -0.1
174.65 1 6.5 138.63 26303 175.25 -0.2
174.75 0.9 6.5 138.68 26423 175.35 -0.2
174.85 0.9 6.5 138.74 26031 175.45 -0.1
174.96 0.7 6.5 138.79 25563 175.56 -0.1
175.06 0.6 6.5 138.84 25960 175.66 -0.1
175.16 0.6 6.5 138.89 25149 175.76 -0.1
175.26 0.4 6.5 138.94 24029 175.86 -0.1
175.36 0.5 6.5 138.99 23920 175.96 -0.1
175.46 0.6 6.5 139.05 23507 176.06 -0.1
175.56 0.7 6.5 139.1 24221 176.16 -0.1
175.66 0.6 6.5 139.15 24414 176.26 -0.1
175.76 0.7 6.5 139.2 23861 176.36 -0.1
175.86 0.7 6.5 139.25 25145 176.46 -0.1
175.97 0.8 6.5 139.3 24848 176.57 -0.1
176.07 0.8 6.5 139.35 24990 176.67 -0.1
176.17 0.8 6.5 139.41 25216 176.77 -0.1
176.27 1 6.5 139.46 25282 176.87 -0.1
176.37 1.1 6.5 139.51 25434 176.97 -0.1
176.47 1 6.5 139.56 25695 177.07 -0.1
176.57 1.1 6.5 139.61 25699 177.17 -0.1
176.67 1.3 6.5 139.66 25922 177.27 -0.1
176.77 1.3 6.5 139.72 26096 177.37 -0.1
176.88 1.2 6.5 139.77 25759 177.48 -0.1
176.98 1.4 6.5 139.82 26430 177.58 -0.1
177.08 1.9 6.5 139.87 26442 177.68 -0.1
177.18 1.9 6.5 139.92 26638 177.78 -0.1
177.28 2 6.5 139.97 26628 177.88 -0.1
177.38 2.3 6.5 140.02 26287 177.98 -0.1
177.48 2.3 6.5 140.08 26318 178.08 -0.1
177.58 2.2 6.5 140.13 26480 178.18 -0.1
177.68 2.4 6.5 140.18 25668 178.28 0
177.78 1.9 6.5 140.23 26382 178.38 -0.1
177.89 1.9 6.5 140.28 26713 178.49 0
177.99 2.4 6.5 140.33 26547 178.59 -0.1
178.09 2.2 6.5 140.39 26659 178.69 -0.1
178.19 2 6.5 140.44 26488 178.79 -0.1
178.29 1.9 6.5 140.49 26837 178.89 -0.1
178.39 1.6 6.5 140.54 26233 178.99 -0.1
178.49 1.7 6.5 140.59 27508 179.09 -0.1
178.59 1.9 6.5 140.64 27067 179.19 0
178.69 1.6 6.5 140.69 26587 179.29 0
178.79 1.4 6.5 140.75 26406 179.39 -0.1
178.9 1.4 6.5 140.8 25900 179.5 0
179 1.3 6.5 140.85 26435 179.6 -0.2
179.1 1.4 6.5 140.9 27004 179.7 -0.1
179.2 1.3 6.5 140.95 26928 179.8 -0.1
179.3 1.1 6.5 141 26603 179.9 -0.1
179.4 1.1 6.5 141.06 26779 180 -0.1
179.5 1.5 6.5 141.11 26302 180.1 -0.2
179.6 1.9 6.5 141.16 26906 180.2 -0.1
179.7 1.1 6.5 141.21 27301 180.3 0
179.8 1 6.5 141.26 26881 180.4 -0.1
185.56 0.6 6 144.14 26868 186.16 0.1
185.66 0.9 6 144.19 26451 186.26 0.1
180.11 0.8 6.5 141.42 26352 180.71 0
180.21 0.8 6.5 141.47 26477 180.81 0.1
180.31 0.8 6.5 141.52 27055 180.91 0.1
180.41 1.2 6.5 141.57 26642 181.01 0.1
180.51 1.3 6.5 141.62 26123 181.11 0.1
180.61 1.2 6.5 141.67 26293 181.21 0.1
180.71 1.2 6.5 141.73 26613 181.31 0.2
180.81 1.3 6.5 141.78 26248 181.41 0.1
180.92 1.2 6.5 141.83 26728 181.52 0.1
181.02 1.2 6.5 141.88 26414 181.62 0
181.12 1.2 6.5 141.93 25977 181.72 0.1
181.22 0.9 6.5 141.98 26217 181.82 0.1
181.32 0.7 6.5 142.03 26151 181.92 0.1
181.42 0.5 6.5 142.08 26770 182.02 0
181.52 0.8 6.5 142.13 26672 182.12 0.1
181.62 1.8 6.5 142.18 26562 182.22 0.1
181.72 1.5 6.5 142.23 26765 182.32 0.1
181.82 1.4 6.5 142.28 27165 182.42 0.1
181.93 1.3 6.5 142.33 26415 182.53 0.1
182.03 1.3 6 142.38 26711 182.63 0.1
182.13 1.4 6 142.43 26486 182.73 0.1
182.23 1.4 6 142.48 26438 182.83 0.1
182.33 1.5 6 142.53 27293 182.93 0
182.43 1.5 6 142.58 27082 183.03 0
182.53 1.9 6 142.63 26572 183.13 0.1
182.63 2 6 142.68 26683 183.23 0
182.73 1.8 6 142.73 26563 183.33 0.1
182.83 1.7 6 142.78 25587 183.43 0
182.94 1.8 6 142.83 26354 183.54 -0.1
183.04 1.8 6 142.88 26004 183.64 0
183.14 1.9 6 142.93 26647 183.74 0
183.24 1.8 6 142.98 27029 183.84 0
183.34 2.3 6 143.03 26494 183.94 0
183.44 2.4 6 143.08 26652 184.04 0
183.54 2.4 6 143.13 26431 184.14 0
183.64 2.2 6 143.18 26766 184.24 0
183.74 2 6 143.23 26336 184.34 -0.1
183.84 1.6 6 143.28 26360 184.44 -0.1
183.95 1.7 6 143.33 26515 184.55 -0.1
184.05 1.8 6 143.38 26309 184.65 -0.1
184.15 2.3 6 143.43 26247 184.75 0
184.25 3.1 6 143.48 25895 184.85 0
184.35 3.8 6 143.53 25647 184.95 0
184.45 3.3 6 143.58 25423 185.05 0.1
184.55 2.4 6 143.63 26174 185.15 0.1
184.65 2.1 6 143.68 26191 185.25 0.1
184.75 2.2 6 143.74 26087 185.35 0.1
184.85 2 6 143.79 26600 185.45 0.2
184.96 1.6 6 143.84 26320 185.56 0.1
185.06 1.2 6 143.89 27215 185.66 0.2
185.16 0.9 6 143.94 26257 185.76 0.2
185.26 0.6 6 143.99 26316 185.86 0.1
185.36 0.4 6 144.04 27069 185.96 0.1
185.46 0.5 6 144.09 26733 186.06 0.1
191.12 1.2 13 146.9 27341 191.72 0.1
191.22 1.1 13 146.95 27370 191.82 0.1
191.32 1 13 147 27266 191.92 0.1
185.76 1.5 6 144.24 26600 186.36 0
185.86 1.6 6 144.29 26802 186.46 0.1
185.97 1.2 6 144.34 26018 186.57 0.1
186.07 1.4 6 144.39 27005 186.67 0.1
186.17 1 6 144.44 26467 186.77 0.2
186.27 1.1 6 144.49 26000 186.87 0.2
186.37 1.2 6 144.54 26735 186.97 0.2
186.47 0.8 6 144.59 26862 187.07 0.2
186.57 1.1 6 144.64 26713 187.17 0.2
186.67 1.2 6 144.69 26123 187.27 0.1
186.77 1.1 6 144.74 26587 187.37 0.1
186.88 1.3 6 144.79 26821 187.48 0.1
186.98 1.4 6 144.84 26735 187.58 0.1
187.08 1.2 13 144.89 27005 187.68 0.1
187.18 0.8 13 144.94 25845 187.78 0.1
187.28 0.5 13 144.99 26017 187.88 0
187.38 0.5 13 145.04 25916 187.98 0
187.48 0.5 13 145.09 26011 188.08 0.1
187.58 0.5 13 145.14 25823 188.18 0.1
187.68 0.6 13 145.19 26528 188.28 0.2
187.78 0.7 13 145.24 26113 188.38 0.2
187.89 0.8 13 145.29 26179 188.49 0.1
187.99 1 13 145.34 25958 188.59 0.2
188.09 1.3 13 145.39 26037 188.69 0.2
188.19 1.7 13 145.44 25258 188.79 0.2
188.29 1.4 13 145.49 24857 188.89 0.2
188.39 1 13 145.54 24994 188.99 0.1
188.49 1.2 13 145.59 25576 189.09 0.2
188.59 1.2 13 145.64 25487 189.19 0.2
188.69 0.9 13 145.69 24502 189.29 0
188.79 0.6 13 145.75 25377 189.39 0.1
188.9 0.6 13 145.8 25782 189.5 0.1
189 0.7 13 145.85 25204 189.6 0.2
189.1 1 13 145.9 24456 189.7 0.2
189.2 1.4 13 145.95 24694 189.8 0.2
189.3 1.3 13 146 24346 189.9 0.2
189.4 1.2 13 146.05 24796 190 0.3
189.5 1 13 146.1 24691 190.1 0.3
189.6 1 13 146.15 24825 190.2 0.2
189.7 0.9 13 146.2 25131 190.3 0.2
189.8 0.9 13 146.25 24807 190.4 0.2
189.91 1.1 13 146.3 25506 190.51 0.3
190.01 1.2 13 146.35 25227 190.61 0.2
190.11 1.4 13 146.4 26530 190.71 0.2
190.21 1.2 13 146.45 26011 190.81 0.3
190.31 1.3 13 146.5 26519 190.91 0.2
190.41 1.6 13 146.55 26728 191.01 0.2
190.51 1.6 13 146.6 26978 191.11 0.2
190.61 1.2 13 146.65 26829 191.21 0.2
190.71 1.2 13 146.7 26480 191.31 0.2
190.81 1.3 13 146.75 26596 191.41 0.1
190.92 1.4 13 146.8 26680 191.52 0.1
191.02 1.3 13 146.85 26849 191.62 0.1
196.72 0.4 13 149.72 29277 197.32 0.1
196.82 0.4 13 149.77 29531 197.42 0.1
196.92 0.3 13 149.82 29622 197.52 0.1
191.42 0.9 13 147.05 27480 192.02 0
191.52 0.8 13 147.1 27154 192.12 -0.1
191.62 0.6 13 147.15 27174 192.22 -0.1
191.72 0.7 13 147.2 26865 192.32 0
191.82 1.1 13 147.25 27000 192.42 0
191.92 1.4 13 147.3 27098 192.52 0
192.02 1.8 13 147.35 27112 192.62 0
192.12 1.6 13 147.4 27619 192.72 0
192.22 1.2 13 147.45 27147 192.82 0
192.32 0.9 13 147.5 27620 192.92 0
192.42 1 13 147.55 27497 193.02 0
192.52 1.2 13 147.6 27297 193.12 0
192.62 1.1 13 147.65 27248 193.22 0
192.72 1.2 13 147.71 27135 193.32 0.1
192.82 1.1 13 147.76 27416 193.42 0
192.92 0.9 13 147.81 27222 193.52 0
193.02 1 13 147.86 27148 193.62 0.1
193.12 0.7 13 147.91 27021 193.72 0.1
193.22 0.7 13 147.96 27062 193.82 0.1
193.32 0.6 13 148.01 26376 193.92 0.1
193.42 0.6 13 148.06 26395 194.02 0.1
193.52 0.6 13 148.11 26664 194.12 0.1
193.62 0.7 13 148.16 26088 194.22 0.1
193.72 0.7 13 148.21 26662 194.32 0
193.82 0.9 13 148.26 26470 194.42 0
193.92 1 13 148.31 26814 194.52 0.1
194.02 0.9 13 148.36 26994 194.62 0
194.12 0.9 13 148.41 26872 194.72 0
194.22 0.9 13 148.46 26908 194.82 0.1
194.32 0.8 13 148.51 27406 194.92 0.1
194.42 0.7 13 148.56 29252 195.02 0.1
194.52 0.8 13 148.61 30031 195.12 0.1
194.62 0.7 13 148.66 28073 195.22 0
194.72 0.7 13 148.71 26200 195.32 0
194.82 0.6 13 148.76 25358 195.42 0.1
194.92 0.5 13 148.81 26060 195.52 0
195.02 0.4 13 148.86 26119 195.62 0.1
195.12 0.5 13 148.91 26214 195.72 0.1
195.22 0.5 13 148.96 25456 195.82 0.1
195.32 0.5 13 149.01 26283 195.92 0.1
195.42 0.4 13 149.06 26920 196.02 0
195.52 0.3 13 149.11 26665 196.12 0.1
195.62 0.3 13 149.16 26359 196.22 0
195.72 0.3 13 149.21 26574 196.32 0.1
195.82 0.2 13 149.26 27245 196.42 0
195.92 0.2 13 149.31 27895 196.52 0
196.02 0.2 13 149.36 28198 196.62 0
196.12 0.3 13 149.41 27758 196.72 0
196.22 0.4 13 149.46 27933 196.82 0.1
196.32 0.4 13 149.51 28214 196.92 0.1
196.42 0.4 13 149.56 28909 197.02 0.1
196.52 0.5 13 149.61 28896 197.12 0.1
196.62 0.5 13 149.66 29229 197.22 0.1
202.32 0.2 13 152.53 24592 202.92 0.1
202.42 0.2 13 152.58 23962 203.02 0.1
202.52 0.1 13 152.63 24035 203.12 0.2
197.02 0.2 13 149.87 30235 197.62 0.1
197.12 0.1 13 149.92 30684 197.72 0.1
197.22 0.1 13 149.97 31559 197.82 0.1
197.32 0.1 13 150.02 30839 197.92 0.1
197.42 0.1 13 150.07 31600 198.02 0.1
197.52 0.2 13 150.12 31380 198.12 0.1
197.62 0.1 13 150.17 31185 198.22 0.1
197.72 0.1 13 150.22 30426 198.32 0.1
197.82 0.1 13 150.27 27787 198.42 0.1
197.92 0.1 13 150.32 26872 198.52 0.1
198.02 0.1 13 150.37 26141 198.62 0.1
198.12 0.1 13 150.42 26437 198.72 0.1
198.22 0.2 13 150.47 26823 198.82 0.1
198.32 0.2 13 150.52 26677 198.92 0.2
198.42 0.2 13 150.57 26558 199.02 0.1
198.52 0.2 13 150.62 25584 199.12 0.2
198.62 0.1 13 150.67 27439 199.22 0.1
198.72 0.1 13 150.72 27271 199.32 0.1
198.82 0.1 13 150.77 27094 199.42 0.2
198.92 0 13 150.82 27880 199.52 0.1
199.02 0 13 150.87 27546 199.62 0.1
199.12 0 13 150.92 27912 199.72 0.1
199.22 0 13 150.97 27836 199.82 0
199.32 0 13 151.02 27194 199.92 0
199.42 0 13 151.07 27506 200.02 0
199.52 0 13 151.12 27423 200.12 0
199.62 0 13 151.17 26956 200.22 0
199.72 0 13 151.22 25441 200.32 0
199.82 0 13 151.27 26769 200.42 -0.1
199.92 0 13 151.32 25053 200.52 0
200.02 0.1 13 151.37 25079 200.62 0
200.12 0.2 13 151.42 24879 200.72 0.1
200.22 0.2 13 151.47 24849 200.82 0.1
200.32 0.2 13 151.52 24798 200.92 0.1
200.42 0.2 13 151.57 24520 201.02 0.1
200.52 0.2 13 151.62 24360 201.12 0.2
200.62 0.3 13 151.67 24226 201.22 0.1
200.72 0.2 13 151.73 24275 201.32 0.1
200.82 0.2 13 151.78 24314 201.42 0.2
200.92 0.2 13 151.83 24128 201.52 0.1
201.02 0.1 13 151.88 24889 201.62 0.1
201.12 0.1 13 151.93 24356 201.72 0.1
201.22 0 13 151.98 24132 201.82 0.2
201.32 0 13 152.03 24258 201.92 0.2
201.42 -0.1 13 152.08 24326 202.02 0.2
201.52 -0.1 13 152.13 24206 202.12 0.2
201.62 -0.1 13 152.18 24377 202.22 0.1
201.72 -0.2 13 152.23 24158 202.32 0.2
201.82 -0.1 13 152.28 23989 202.42 0.2
201.92 -0.1 13 152.33 24305 202.52 0.1
202.02 0 13 152.38 24185 202.62 0.1
202.12 0.1 13 152.43 24173 202.72 0.1
202.22 0.2 13 152.48 23586 202.82 0.1
207.92 0.2 6 155.34 25226 208.52 0.1
208.02 0.2 6 155.39 25059 208.62 0.1
208.12 0.3 6 155.44 25167 208.72 0.1
202.62 0 13 152.68 23940 203.22 0.1
202.72 0 13 152.73 23772 203.32 0.1
202.82 0 13 152.78 24233 203.42 0
202.92 0.1 13 152.83 23877 203.52 0.1
203.02 0.2 13 152.88 24409 203.62 0
203.12 0.1 13 152.93 24396 203.72 0.1
203.22 0 13 152.98 24329 203.82 0.1
203.32 0.1 13 153.03 24289 203.92 0.1
203.42 0.1 13 153.08 24287 204.02 0.1
203.52 0.2 13 153.13 24712 204.12 0.1
203.62 0.2 13 153.18 24316 204.22 0.1
203.72 0.1 13 153.23 24088 204.32 0
203.82 0.1 13 153.28 24746 204.42 0
203.92 0 13 153.33 24735 204.52 0
204.02 0.1 13 153.38 24924 204.62 0
204.12 0 13 153.43 24615 204.72 0
204.22 0 13 153.48 23987 204.82 0
204.32 0 13 153.53 24494 204.92 0
204.42 0 13 153.58 24595 205.02 0
204.52 0.1 13 153.63 24129 205.12 0
204.62 0.3 13 153.68 24559 205.22 0
204.72 0.4 13 153.74 24966 205.32 0.1
204.82 0.4 13 153.79 24342 205.42 0.1
204.92 0.4 13 153.84 24300 205.52 0.1
205.02 0.3 13 153.89 24624 205.62 0.2
205.12 0.3 6 153.94 24155 205.72 0.1
205.22 0.3 6 153.99 24429 205.82 0.1
205.32 0.2 6 154.04 24552 205.92 0.1
205.42 0.2 6 154.09 24484 206.02 0
205.52 0.1 6 154.14 24168 206.12 0
205.62 0.1 6 154.19 24566 206.22 0.1
205.72 0.1 6 154.24 24105 206.32 0.1
205.82 0.1 6 154.29 25080 206.42 0.2
205.92 0.1 6 154.34 25135 206.52 0.2
206.02 0.1 6 154.39 24673 206.62 0.1
206.12 0.1 6 154.44 24035 206.72 0.2
206.22 0.1 6 154.49 24618 206.82 0.2
206.32 0.1 6 154.54 24339 206.92 0.2
206.42 0.1 6 154.59 24708 207.02 0.2
206.52 0 6 154.64 24291 207.12 0.1
206.62 0.1 6 154.69 24328 207.22 0.1
206.72 0.1 6 154.74 24977 207.32 0.1
206.82 0.1 6 154.79 24877 207.42 0.1
206.92 0.1 6 154.84 24686 207.52 0.1
207.02 0.2 6 154.89 25232 207.62 0.1
207.12 0.2 6 154.94 24806 207.72 0.1
207.22 0.4 6 154.99 25000 207.82 0.1
207.32 0.5 6 155.04 24938 207.92 0.2
207.42 0.3 6 155.09 24625 208.02 0.1
207.52 0.2 6 155.14 24623 208.12 0.2
207.62 0.2 6 155.19 24587 208.22 0.1
207.72 0.2 6 155.24 24514 208.32 0.1
207.82 0.2 6 155.29 24934 208.42 0.1
213.54 0.6 6 158.16 24309 214.14 0
213.64 1 6 158.21 24431 214.24 0
213.74 1.1 6 158.26 24918 214.34 0
208.22 0.3 6 155.49 25482 208.82 0
208.32 0.3 6 155.54 25818 208.92 0.1
208.42 0.2 6 155.59 25882 209.02 0.1
208.52 0.2 6 155.64 26182 209.12 0.1
208.62 0.1 6 155.69 26638 209.22 0
208.72 0.2 6 155.75 27114 209.32 0
208.82 0.2 6 155.8 25809 209.42 0
208.92 0.2 6 155.85 25822 209.52 0
209.02 0.2 6 155.9 24858 209.62 -0.1
209.12 0.3 6 155.95 25213 209.72 0
209.22 0.2 6 156 24722 209.82 0
209.32 0.2 6 156.05 25075 209.92 0
209.42 0.4 6 156.1 25581 210.02 0
209.52 0.3 6 156.15 25350 210.12 0
209.62 0.3 6 156.2 24417 210.22 0
209.72 0.6 6 156.25 24829 210.32 0
209.82 0.6 6 156.3 25634 210.42 0
209.92 0.6 6 156.35 24907 210.52 0
210.02 0.5 6 156.4 26158 210.62 0
210.12 0.6 6 156.45 25484 210.72 0
210.22 1.2 6 156.5 25192 210.82 0.1
210.32 1.1 6 156.55 25690 210.92 0.2
210.42 0.8 6 156.6 25913 211.02 0.2
210.52 0.5 6 156.65 25642 211.12 0.2
210.62 0.3 6 156.7 25592 211.22 0.2
210.72 0.4 6 156.75 24802 211.32 0.2
210.82 0.5 6 156.8 25168 211.42 0.1
210.92 0.6 6 156.85 24977 211.52 0.1
211.02 0.5 6 156.9 24957 211.62 0.1
211.12 0.7 6 156.95 24944 211.72 0.1
211.22 0.8 6 157 25045 211.82 0.1
211.32 0.7 6 157.05 25115 211.92 0.1
211.42 0.7 6 157.1 25347 212.02 0.1
211.52 0.9 6 157.15 25379 212.12 0
211.62 0.9 6 157.2 25315 212.22 0
211.72 0.6 6 157.25 25555 212.32 -0.1
211.82 0.6 6 157.3 25695 212.42 -0.1
211.93 0.6 6 157.35 25146 212.53 -0.1
212.03 0.5 6 157.4 25261 212.63 -0.2
212.13 0.4 6 157.45 25345 212.73 -0.1
212.23 0.4 6 157.5 24950 212.83 -0.1
212.33 0.5 6 157.55 24956 212.93 -0.1
212.43 0.5 6 157.6 24220 213.03 -0.1
212.53 0.5 6 157.65 23341 213.13 -0.1
212.63 0.7 6 157.71 23327 213.23 -0.1
212.73 0.8 6 157.76 22789 213.33 -0.1
212.83 1 6 157.81 23614 213.43 -0.1
212.94 1.4 6 157.86 23153 213.54 -0.1
213.04 1 6 157.91 24178 213.64 -0.1
213.14 0.7 6 157.96 24220 213.74 -0.2
213.24 0.5 6 158.01 25109 213.84 0
213.34 0.4 6 158.06 25071 213.94 0
213.44 0.4 6 158.11 24646 214.04 0
219.2 2.2 6.5 160.97 25427 219.8 -0.2
219.3 1.5 6.5 161.02 25292 219.9 -0.1
219.4 2.4 6.5 161.07 24864 220 -0.1
213.84 1 6 158.31 24888 214.44 0
213.95 1 6 158.36 24664 214.55 0
214.05 0.8 6 158.41 25069 214.65 0
214.15 0.6 6 158.46 25057 214.75 0
214.25 0.5 6 158.51 24166 214.85 0
214.35 0.4 6 158.56 23645 214.95 0
214.45 0.4 6 158.61 24073 215.05 0
214.55 0.5 6 158.66 23974 215.15 0
214.65 0.5 6 158.71 24351 215.25 0
214.75 0.4 6 158.76 23882 215.35 0
214.85 0.4 6 158.81 24696 215.45 0
214.96 0.6 6 158.86 24474 215.56 0
215.06 0.6 6.5 158.91 24355 215.66 0
215.16 0.4 6.5 158.96 24854 215.76 0
215.26 0.5 6.5 159.01 24457 215.86 0
215.36 0.5 6.5 159.06 24198 215.96 0
215.46 0.4 6.5 159.11 24439 216.06 -0.1
215.56 0.4 6.5 159.16 23573 216.16 -0.1
215.66 0.5 6.5 159.21 24121 216.26 -0.1
215.76 0.4 6.5 159.26 24899 216.36 -0.2
215.86 0.2 6.5 159.31 24160 216.46 -0.1
215.97 0.2 6.5 159.36 24434 216.57 -0.2
216.07 0.2 6.5 159.41 25343 216.67 -0.1
216.17 0.5 6.5 159.46 24686 216.77 -0.1
216.27 0.7 6.5 159.51 24772 216.87 -0.1
216.37 1.1 6.5 159.56 25610 216.97 -0.1
216.47 0.9 6.5 159.61 25531 217.07 -0.2
216.57 0.6 6.5 159.66 28103 217.17 -0.2
216.67 0.7 6.5 159.72 29984 217.27 -0.1
216.77 0.7 6.5 159.77 32897 217.37 -0.1
216.88 0.8 6.5 159.82 36159 217.48 -0.1
216.98 1.4 6.5 159.87 37769 217.58 -0.1
217.08 2.1 6.5 159.92 38681 217.68 0
217.18 2.3 6.5 159.97 37994 217.78 -0.1
217.28 1.7 6.5 160.02 37802 217.88 -0.1
217.38 1.7 6.5 160.07 36944 217.98 -0.1
217.48 1.9 6.5 160.12 35852 218.08 -0.1
217.58 1.9 6.5 160.17 32680 218.18 -0.1
217.68 2.2 6.5 160.22 30569 218.28 0
217.78 3.4 6.5 160.27 30000 218.38 -0.1
217.89 2.1 6.5 160.32 29259 218.49 0
217.99 1.9 6.5 160.37 27842 218.59 -0.1
218.09 2.3 6.5 160.42 25992 218.69 -0.1
218.19 2.6 6.5 160.47 25804 218.79 -0.1
218.29 2.4 6.5 160.52 26433 218.89 -0.1
218.39 1.8 6.5 160.57 24819 218.99 -0.1
218.49 1.4 6.5 160.62 26075 219.09 -0.1
218.59 1.4 6.5 160.67 25861 219.19 -0.1
218.69 1.6 6.5 160.72 26688 219.29 -0.1
218.79 1.9 6.5 160.77 25380 219.39 -0.1
218.9 2 6.5 160.82 24683 219.5 -0.1
219 2.3 6.5 160.87 25091 219.6 -0.1
219.1 2.9 6.5 160.92 25231 219.7 -0.1
224.82 4 6.5 163.79 24559 225.42 -0.1
224.92 2.7 6.5 163.84 24610 225.52 -0.2
225.02 2.4 6.5 163.89 24220 225.62 -0.1
219.5 2.9 6.5 161.12 25255 220.1 -0.1
219.6 3.4 6.5 161.17 26178 220.2 -0.1
219.7 2.7 6.5 161.22 24854 220.3 -0.1
219.8 2.8 6.5 161.27 24923 220.4 -0.1
219.91 2.8 6.5 161.32 26285 220.51 -0.1
220.01 2.4 6.5 161.37 26394 220.61 -0.1
220.11 1.6 6.5 161.42 26005 220.71 -0.1
220.21 2.2 6.5 161.47 27105 220.81 -0.1
220.31 2.1 6.5 161.52 26338 220.91 -0.1
220.41 1.2 6.5 161.57 25412 221.01 -0.1
220.51 1.3 6.5 161.62 24103 221.11 -0.1
220.61 1.4 6.5 161.67 24163 221.21 -0.1
220.71 1.4 6.5 161.73 24054 221.31 -0.1
220.81 1.4 6.5 161.78 23801 221.41 -0.1
220.92 1.4 6.5 161.83 23246 221.52 -0.1
221.02 1.7 6.5 161.88 23726 221.62 -0.1
221.12 1.6 6.5 161.93 23738 221.72 -0.1
221.22 1.8 6.5 161.98 23601 221.82 -0.1
221.32 2 6.5 162.03 23463 221.92 -0.1
221.42 2.3 6.5 162.08 23944 222.02 -0.2
221.52 2.5 6.5 162.13 24687 222.12 -0.2
221.62 2.1 6.5 162.18 24282 222.22 -0.1
221.72 1.8 6.5 162.23 24608 222.32 -0.1
221.82 2.3 6.5 162.28 24792 222.42 -0.2
221.92 2.3 6.5 162.33 24847 222.52 -0.2
222.02 3.2 6.5 162.38 25507 222.62 -0.2
222.12 3.9 6.5 162.43 25878 222.72 -0.2
222.22 2.7 6.5 162.48 27218 222.82 -0.2
222.32 3.4 6.5 162.53 27914 222.92 -0.1
222.42 4.4 6.5 162.58 28034 223.02 -0.2
222.52 4.6 6.5 162.63 28069 223.12 -0.1
222.62 4.5 6.5 162.68 28210 223.22 -0.1
222.72 3.7 6.5 162.73 28688 223.32 -0.1
222.82 2.4 6.5 162.78 27209 223.42 -0.2
222.92 2 6.5 162.83 28694 223.52 -0.2
223.02 2.7 6.5 162.88 28568 223.62 -0.2
223.12 3.2 6.5 162.93 28490 223.72 -0.2
223.22 2.5 6.5 162.98 28896 223.82 -0.3
223.32 2.7 6.5 163.03 27877 223.92 -0.3
223.42 4.2 6.5 163.08 26812 224.02 -0.2
223.52 4.9 6.5 163.13 25904 224.12 -0.2
223.62 5.2 6.5 163.18 27027 224.22 -0.1
223.72 5.3 6.5 163.23 27655 224.32 -0.2
223.82 5 6.5 163.28 26877 224.42 -0.1
223.92 4.1 6.5 163.33 27894 224.52 -0.1
224.02 3.1 6.5 163.38 29028 224.62 -0.1
224.12 2.3 6.5 163.43 31520 224.72 -0.1
224.22 1.8 6.5 163.48 31281 224.82 -0.1
224.32 1.8 6.5 163.53 30315 224.92 -0.1
224.42 2.3 6.5 163.58 28014 225.02 -0.1
224.52 3.3 6.5 163.63 27316 225.12 -0.1
224.62 3.1 6.5 163.68 26444 225.22 -0.1
224.72 3.8 6.5 163.74 25133 225.32 -0.1
230.32 1.8 6.5 166.55 23639 230.92 0
230.42 1.8 6.5 166.6 23985 231.02 0
230.52 2.9 6.5 166.65 23521 231.12 0
230.62 1.9 6.5 166.7 23901 231.22 0
225.12 2.5 6.5 163.94 23896 225.72 -0.1
225.22 2.5 6.5 163.99 24071 225.82 -0.2
225.32 2.8 6.5 164.04 24067 225.92 -0.2
225.42 3.1 6.5 164.09 23411 226.02 -0.3
225.52 3.2 6.5 164.14 23777 226.12 -0.2
225.62 2.4 6.5 164.19 23505 226.22 -0.1
225.72 2.7 6.5 164.24 24004 226.32 -0.1
225.82 2.7 6.5 164.29 23544 226.42 -0.1
225.92 3.1 6.5 164.34 24069 226.52 0
226.02 3.5 6.5 164.39 23759 226.62 -0.1
226.12 3.3 6.5 164.44 24198 226.72 -0.1
226.22 3.3 6.5 164.49 24278 226.82 -0.1
226.32 2.6 6.5 164.54 24367 226.92 -0.1
226.42 2.3 6.5 164.59 23502 227.02 -0.1
226.52 2.3 6.5 164.64 23238 227.12 -0.1
226.62 3.2 6.5 164.69 24043 227.22 -0.1
226.72 3.1 6.5 164.74 23608 227.32 -0.1
226.82 2.7 6.5 164.79 24319 227.42 -0.1
226.92 3.1 6.5 164.84 24549 227.52 -0.1
227.02 3.3 6.5 164.89 24303 227.62 -0.2
227.12 3.2 6.5 164.94 23820 227.72 -0.1
227.22 3.1 6.5 164.99 23737 227.82 -0.1
227.32 2.8 6.5 165.04 23418 227.92 -0.2
227.42 2.9 6.5 165.09 23817 228.02 -0.1
227.52 2.7 6.5 165.14 23750 228.12 -0.1
227.62 3.1 6.5 165.19 23761 228.22 -0.2
227.72 3.3 6.5 165.24 23664 228.32 -0.2
227.82 3.6 6.5 165.29 24197 228.42 -0.1
227.92 3.4 6.5 165.34 23491 228.52 -0.1
228.02 3.3 6.5 165.39 23042 228.62 -0.2
228.12 3.2 6.5 165.44 23355 228.72 -0.2
228.22 2.4 6.5 165.49 23471 228.82 -0.2
228.32 1.7 6.5 165.54 23857 228.92 -0.2
228.42 1.9 6.5 165.59 24333 229.02 -0.1
228.52 1.8 6.5 165.64 23478 229.12 -0.2
228.62 2.5 6.5 165.69 24338 229.22 -0.2
228.72 2.3 6.5 165.75 24195 229.32 -0.2
228.82 1.7 6.5 165.8 23875 229.42 -0.1
228.92 1.3 6.5 165.85 23983 229.52 -0.1
229.02 1.4 6.5 165.9 24340 229.62 0
229.12 0.6 6.5 165.95 23447 229.72 -0.1
229.22 0.7 6.5 166 24274 229.82 -0.1
229.32 0.7 6.5 166.05 23500 229.92 0
229.42 1.2 6.5 166.1 24391 230.02 -0.1
229.52 2.3 6.5 166.15 23811 230.12 -0.1
229.62 2.6 6.5 166.2 23894 230.22 0
229.72 2.2 6.5 166.25 24093 230.32 0
229.82 2.1 6.5 166.3 24171 230.42 0
229.92 1.7 6.5 166.35 23976 230.52 0
230.02 2.1 6.5 166.4 24378 230.62 0
230.12 2.3 6.5 166.45 23856 230.72 0
230.22 2 6.5 166.5 23090 230.82 0
235.92 2.6 6.5 169.36 23900 236.52 -0.1
236.02 3 6.5 169.41 23988 236.62 -0.1
236.12 3.2 6.5 169.46 24577 236.72 -0.2
236.22 2.6 6.5 169.51 24543 236.82 -0.1
230.72 1.2 6.5 166.75 24050 231.32 -0.1
230.82 2 6.5 166.8 24004 231.42 0
230.92 2 6.5 166.85 23728 231.52 0
231.02 2.2 6.5 166.9 23575 231.62 0
231.12 2.2 6.5 166.95 23719 231.72 -0.1
231.22 1.5 6.5 167 24102 231.82 -0.1
231.32 2.3 6.5 167.05 23803 231.92 -0.1
231.42 1.9 6.5 167.1 24241 232.02 -0.2
231.52 2 6.5 167.15 24170 232.12 -0.2
231.62 2.2 6.5 167.2 24435 232.22 -0.3
231.72 2.3 6.5 167.25 24861 232.32 -0.2
231.82 2.3 6.5 167.3 23919 232.42 -0.1
231.92 2.8 6.5 167.35 24474 232.52 -0.3
232.02 3 6.5 167.4 24515 232.62 -0.2
232.12 3 6.5 167.45 24064 232.72 -0.3
232.22 3.2 6.5 167.5 23653 232.82 -0.2
232.32 3.1 6.5 167.55 24281 232.92 -0.2
232.42 3.1 6.5 167.6 23717 233.02 -0.1
232.52 3.3 6.5 167.65 24542 233.12 -0.2
232.62 3.2 6.5 167.71 23913 233.22 -0.1
232.72 3.2 6.5 167.76 23400 233.32 -0.1
232.82 2.7 6.5 167.81 23701 233.42 -0.2
232.92 2 6.5 167.86 24056 233.52 -0.1
233.02 1.1 6.5 167.91 23463 233.62 -0.2
233.12 1.4 6.5 167.96 24125 233.72 -0.1
233.22 1.4 6.5 168.01 24612 233.82 -0.2
233.32 1.7 6.5 168.06 23671 233.92 -0.2
233.42 1.4 6.5 168.11 24329 234.02 -0.2
233.52 1.8 6.5 168.16 24142 234.12 -0.2
233.62 2.2 6.5 168.21 24214 234.22 -0.2
233.72 2.6 6.5 168.26 23880 234.32 -0.1
233.82 2.7 6.5 168.31 23773 234.42 -0.2
233.92 2.7 6.5 168.36 24363 234.52 -0.2
234.02 2.2 6.5 168.41 24059 234.62 -0.2
234.12 2.2 6.5 168.46 23946 234.72 -0.3
234.22 2.1 6.5 168.51 23632 234.82 -0.2
234.32 2.3 6.5 168.56 25204 234.92 -0.1
234.42 2.8 6.5 168.61 24608 235.02 -0.1
234.52 2.3 6.5 168.66 24371 235.12 -0.2
234.62 2.9 6.5 168.71 24482 235.22 -0.1
234.72 3.5 6.5 168.76 24500 235.32 0
234.82 3 6.5 168.81 24212 235.42 -0.1
234.92 3.4 6.5 168.86 24258 235.52 -0.1
235.02 3.8 6.5 168.91 24675 235.62 -0.1
235.12 3.3 6.5 168.96 24631 235.72 -0.1
235.22 2.8 6.5 169.01 23893 235.82 -0.1
235.32 3 6.5 169.06 24121 235.92 -0.1
235.42 3.3 6.5 169.11 23893 236.02 -0.1
235.52 2.9 6.5 169.16 24565 236.12 -0.1
235.62 2.3 6.5 169.21 24072 236.22 -0.2
235.72 1.6 6.5 169.26 24762 236.32 -0.1
235.82 1.9 6.5 169.31 24048 236.42 -0.1
241.52 2.7 6.5 172.17 23777 242.12 -0.1
241.62 2.9 6.5 172.22 24402 242.22 -0.1
241.72 2.5 6.5 172.27 24378 242.32 -0.1
241.82 1.2 6.5 172.32 24222 242.42 -0.1
236.32 1.6 6.5 169.56 23717 236.92 -0.1
236.42 1.7 6.5 169.61 24202 237.02 -0.2
236.52 3.1 6.5 169.66 24161 237.12 -0.2
236.62 3 6.5 169.72 24265 237.22 -0.1
236.72 2.5 6.5 169.77 24681 237.32 -0.1
236.82 2.4 6.5 169.82 24203 237.42 -0.2
236.92 2 6.5 169.87 24065 237.52 0
237.02 2.1 6.5 169.92 23940 237.62 -0.1
237.12 2.2 6.5 169.97 23968 237.72 -0.1
237.22 1.7 6.5 170.02 23865 237.82 0
237.32 1.8 6.5 170.07 23528 237.92 -0.1
237.42 2.2 6.5 170.12 24527 238.02 0
237.52 2.2 6.5 170.17 24073 238.12 0
237.62 1.3 6.5 170.22 24072 238.22 -0.1
237.72 1.9 6.5 170.27 23825 238.32 -0.1
237.82 2.6 6.5 170.32 23619 238.42 0
237.92 2.3 6.5 170.37 24565 238.52 0
238.02 1.3 6.5 170.42 24047 238.62 -0.1
238.12 1.4 6.5 170.47 24549 238.72 0
238.22 1.8 6.5 170.52 24059 238.82 -0.1
238.32 1.7 6.5 170.57 23749 238.92 -0.1
238.42 1.4 6.5 170.62 23725 239.02 -0.2
238.52 1.1 6.5 170.67 24347 239.12 -0.2
238.62 1.3 6.5 170.72 24009 239.22 -0.1
238.72 1.6 6.5 170.77 23500 239.32 -0.1
238.82 2.7 6.5 170.82 24255 239.42 -0.1
238.92 4.4 6.5 170.87 24139 239.52 -0.1
239.02 4.2 6.5 170.92 23353 239.62 -0.1
239.12 3.7 6.5 170.97 24515 239.72 -0.1
239.22 2.9 6.5 171.02 24824 239.82 -0.1
239.32 3.4 6.5 171.07 24513 239.92 -0.2
239.42 3.5 6.5 171.12 23737 240.02 -0.1
239.52 3.2 6.5 171.17 23650 240.12 -0.1
239.62 2.6 6.5 171.22 23524 240.22 -0.2
239.72 2.9 6.5 171.27 24235 240.32 -0.2
239.82 2.5 6.5 171.32 23648 240.42 -0.2
239.92 2.9 6.5 171.37 24201 240.52 -0.1
240.02 2.6 6.5 171.42 24367 240.62 -0.2
240.12 2.4 6.5 171.47 24156 240.72 -0.1
240.22 2.9 6.5 171.52 23545 240.82 0
240.32 3.5 6.5 171.57 24317 240.92 -0.1
240.42 2.8 6.5 171.62 23948 241.02 0
240.52 2.4 6.5 171.67 24267 241.12 -0.1
240.62 2.4 6.5 171.73 24276 241.22 0
240.72 3 6.5 171.77 24588 241.32 0
240.82 3.3 6.5 171.82 24221 241.42 0
240.92 4.4 6.5 171.87 24020 241.52 0
241.02 4.3 6.5 171.92 24386 241.62 -0.1
241.12 3.4 6.5 171.97 23738 241.72 -0.1
241.22 2.3 6.5 172.02 24019 241.82 0
241.32 1.8 6.5 172.07 24203 241.92 0
241.42 1.6 6.5 172.12 24747 242.02 0
247.12 1.5 6.5 174.97 23679 247.72 0
247.22 1.5 6.5 175.02 23889 247.82 -0.1
247.32 1.8 6.5 175.07 24278 247.92 0
247.42 1.5 6.5 175.12 24199 248.02 0
241.92 0.6 6.5 172.37 24455 242.52 -0.1
242.02 0.7 6.5 172.42 24067 242.62 -0.1
242.12 1 6.5 172.47 24009 242.72 -0.1
242.22 1.4 6.5 172.52 24009 242.82 -0.1
242.32 1.7 6.5 172.57 24303 242.92 -0.1
242.42 1.8 6.5 172.62 23831 243.02 -0.1
242.52 1.9 6.5 172.67 24345 243.12 -0.2
242.62 2.3 6.5 172.72 23888 243.22 -0.1
242.72 2.2 6.5 172.77 23875 243.32 -0.1
242.82 2.3 6.5 172.82 24659 243.42 -0.1
242.92 2.7 6.5 172.87 24086 243.52 -0.1
243.02 2.5 6.5 172.92 24125 243.62 -0.2
243.12 3.1 6.5 172.97 24776 243.72 -0.1
243.22 3 6.5 173.02 24057 243.82 -0.1
243.32 3.3 6.5 173.07 24477 243.92 -0.2
243.42 3.3 6.5 173.12 24311 244.02 -0.1
243.52 3.1 6.5 173.17 24666 244.12 -0.2
243.62 2.8 6.5 173.22 24883 244.22 -0.1
243.72 2.3 6.5 173.27 24376 244.32 -0.1
243.82 2.2 6.5 173.32 24970 244.42 -0.1
243.92 2.8 6.5 173.37 24831 244.52 -0.1
244.02 2.6 6.5 173.42 24661 244.62 -0.1
244.12 3.2 6.5 173.47 24695 244.72 -0.1
244.22 3 6.5 173.52 24898 244.82 -0.1
244.32 2.9 6.5 173.57 24400 244.92 -0.1
244.42 3 6.5 173.62 25040 245.02 -0.1
244.52 2.6 6.5 173.67 24959 245.12 -0.1
244.62 2.4 6.5 173.72 24738 245.22 -0.1
244.72 2.3 6.5 173.77 24352 245.32 -0.1
244.82 2.5 6.5 173.82 24477 245.42 0
244.92 3.2 6.5 173.87 24400 245.52 0
245.02 3.8 6.5 173.92 25205 245.62 -0.1
245.12 4.2 6.5 173.97 24835 245.72 -0.1
245.22 3 6.5 174.02 24355 245.82 0
245.32 1.8 6.5 174.07 24358 245.92 -0.1
245.42 2 6.5 174.12 24497 246.02 -0.1
245.52 4 6.5 174.17 24292 246.12 -0.1
245.62 3.3 6.5 174.22 23871 246.22 -0.1
245.72 3 6.5 174.27 24294 246.32 0
245.82 2.8 6.5 174.32 24386 246.42 -0.1
245.92 2.5 6.5 174.37 24952 246.52 -0.1
246.02 2.4 6.5 174.42 23904 246.62 -0.1
246.12 2.6 6.5 174.47 24243 246.72 -0.1
246.22 2.8 6.5 174.52 24149 246.82 -0.1
246.32 2.4 6.5 174.57 24276 246.92 -0.1
246.42 2.6 6.5 174.62 24281 247.02 0
246.52 2.6 6.5 174.67 23827 247.12 0
246.62 2.9 6.5 174.72 23692 247.22 0
246.72 1.9 6.5 174.77 24451 247.32 0
246.82 1.3 6.5 174.82 24500 247.42 0
246.92 1.5 6.5 174.87 23928 247.52 0
247.02 1 6.5 174.92 23995 247.62 0
252.72 1.1 6.5 177.77 26586 253.32 0.1
252.82 1.1 6.5 177.82 26360 253.42 0.1
252.92 1.3 6.5 177.87 25911 253.52 0.1
253.02 1.3 6.5 177.92 26526 253.62 0
247.52 2.7 6.5 175.17 24073 248.12 0
247.62 3.2 6.5 175.22 24487 248.22 -0.1
247.72 2.4 6.5 175.27 24466 248.32 -0.1
247.82 1.6 6.5 175.32 23889 248.42 -0.1
247.92 1.3 6.5 175.37 24494 248.52 -0.1
248.02 1.3 6.5 175.42 24865 248.62 -0.1
248.12 1.2 6.5 175.47 24656 248.72 -0.1
248.22 1.4 6.5 175.52 24178 248.82 -0.2
248.32 1.2 6.5 175.57 25463 248.92 -0.1
248.42 1.3 6.5 175.62 25895 249.02 -0.1
248.52 1.4 6.5 175.67 25579 249.12 -0.1
248.62 1.4 6.5 175.72 25420 249.22 -0.1
248.72 1.7 6.5 175.77 24980 249.32 -0.1
248.82 1.7 6.5 175.82 25241 249.42 -0.1
248.92 1.6 6.5 175.87 24768 249.52 0
249.02 2.3 6.5 175.92 25151 249.62 -0.1
249.12 2.7 6.5 175.97 24985 249.72 0
249.22 2.6 6.5 176.02 26075 249.82 -0.1
249.32 2.3 6.5 176.07 25551 249.92 -0.1
249.42 1.8 6.5 176.12 25942 250.02 -0.2
249.52 1.4 6.5 176.17 25416 250.12 -0.1
249.62 1.4 6.5 176.22 24866 250.22 -0.1
249.72 1.4 6.5 176.27 25623 250.32 -0.1
249.82 1.8 6.5 176.32 25401 250.42 -0.1
249.92 2.4 6.5 176.37 25393 250.52 -0.1
250.02 2.6 6.5 176.42 25848 250.62 -0.1
250.12 2.5 6.5 176.47 25750 250.72 -0.1
250.22 2.7 6.5 176.52 25753 250.82 -0.1
250.32 1.9 6.5 176.57 26471 250.92 0
250.42 1.6 6.5 176.62 25920 251.02 0
250.52 1.5 6.5 176.67 27017 251.12 0
250.62 1.4 6.5 176.72 25750 251.22 -0.1
250.72 2.2 6.5 176.77 25979 251.32 0
250.82 2 6.5 176.82 25834 251.42 0
250.92 1.7 6.5 176.87 26057 251.52 0
251.02 1.8 6.5 176.92 25692 251.62 0
251.12 1.6 6.5 176.97 26736 251.72 0
251.22 1.5 6.5 177.02 26010 251.82 0
251.32 1.7 6.5 177.07 26373 251.92 0
251.42 1.6 6.5 177.12 26557 252.02 0
251.52 1.6 6.5 177.17 25643 252.12 -0.1
251.62 1.5 6.5 177.22 26353 252.22 -0.1
251.72 1.2 6.5 177.27 26428 252.32 -0.1
251.82 1 6.5 177.32 26427 252.42 -0.1
251.92 0.8 6.5 177.37 25796 252.52 0
252.02 0.5 6.5 177.42 25570 252.62 0
252.12 0.4 6.5 177.47 25995 252.72 0.1
252.22 0.6 6.5 177.52 25994 252.82 0
252.32 0.7 6.5 177.57 26572 252.92 0.1
252.42 0.8 6.5 177.62 25942 253.02 0.1
252.52 0.9 6.5 177.67 25710 253.12 0.1
252.62 1.1 6.5 177.72 26112 253.22 0.1
258.32 2.1 6.5 180.57 27403 258.92 0
258.42 2 6.5 180.62 26560 259.02 0
258.52 2.4 6.5 180.67 27203 259.12 0
258.62 3.1 6.5 180.72 26967 259.22 0
253.12 1.3 6.5 177.97 26028 253.72 0
253.22 1.4 6.5 178.02 26266 253.82 -0.1
253.32 1.4 6.5 178.07 26477 253.92 -0.1
253.42 1.3 6.5 178.12 26687 254.02 -0.1
253.52 1 6.5 178.17 25976 254.12 -0.1
253.62 1.1 6.5 178.22 26142 254.22 0
253.72 1.5 6.5 178.27 27301 254.32 0
253.82 1.6 6.5 178.32 25944 254.42 0
253.92 1.8 6.5 178.37 26595 254.52 0
254.02 1.6 6.5 178.42 26800 254.62 -0.1
254.12 1.4 6.5 178.47 26855 254.72 -0.1
254.22 1 6.5 178.52 26822 254.82 -0.1
254.32 0.3 6.5 178.57 26736 254.92 0.1
254.42 0.2 6.5 178.62 27085 255.02 0
254.52 0.3 6.5 178.67 27603 255.12 0.1
254.62 1.9 6.5 178.72 27112 255.22 0
254.72 2.4 6.5 178.77 26731 255.32 0
254.82 1.8 6.5 178.82 26580 255.42 0
254.92 1.5 6.5 178.87 27021 255.52 0
255.02 2 6.5 178.92 26622 255.62 0
255.12 2.2 6.5 178.97 27468 255.72 0
255.22 2.1 6.5 179.02 27647 255.82 -0.1
255.32 1.9 6.5 179.07 27319 255.92 0
255.42 1.8 6.5 179.12 27025 256.02 0
255.52 2 6.5 179.17 27323 256.12 0
255.62 2 6.5 179.22 27686 256.22 0
255.72 2.3 6.5 179.27 27788 256.32 0.1
255.82 2.5 6.5 179.32 27600 256.42 0
255.92 1.2 6.5 179.37 27677 256.52 0
256.02 1.4 6.5 179.42 28010 256.62 0
256.12 1.8 6.5 179.47 28464 256.72 0
256.22 1.5 6.5 179.52 28050 256.82 -0.1
256.32 1.1 6.5 179.57 27942 256.92 0
256.42 1.2 6.5 179.62 28273 257.02 0
256.52 1.2 6.5 179.67 28412 257.12 0
256.62 1.7 6.5 179.72 28403 257.22 -0.1
256.72 2 6.5 179.77 28358 257.32 0
256.82 2.4 6.5 179.82 28233 257.42 -0.1
256.92 2.1 6.5 179.87 27893 257.52 -0.1
257.02 1.9 6.5 179.92 27994 257.62 0
257.12 2.2 6.5 179.97 27500 257.72 0
257.22 2.1 6.5 180.02 28607 257.82 0
257.32 1.2 6.5 180.07 28695 257.92 0.1
257.42 1.7 6.5 180.12 28623 258.02 0.1
257.52 1.5 6.5 180.17 27378 258.12 0
257.62 1.3 6.5 180.22 27595 258.22 0.1
257.72 1.4 6.5 180.27 27552 258.32 0
257.82 1.5 6.5 180.32 26275 258.42 0
257.92 1.5 6.5 180.37 27752 258.52 0
258.02 1.9 6.5 180.42 27207 258.62 0
258.12 2 6.5 180.47 27267 258.72 0
258.22 2.2 6.5 180.52 28024 258.82 -0.1
263.84 2.5 6.5 183.32 23514 264.44 0
263.95 2.1 6.5 183.37 23638 264.55 0.1
264.05 2.5 6.5 183.42 24085 264.65 0.1
264.15 2.7 6.5 183.47 24004 264.75 0.1
264.25 2.5 6.5 183.52 23479 264.85 0
258.72 3 6.5 180.77 26173 259.32 0
258.82 2.5 6.5 180.82 26186 259.42 0
258.92 2.5 6.5 180.87 26100 259.52 0
259.02 2.9 6.5 180.92 25734 259.62 0
259.12 3 6.5 180.97 25588 259.72 0
259.22 2.7 6.5 181.02 25451 259.82 0
259.32 2.4 6.5 181.07 25380 259.92 -0.1
259.42 2.7 6.5 181.12 24240 260.02 0
259.52 2.5 6.5 181.17 24908 260.12 0.1
259.62 2.5 6.5 181.22 25510 260.22 0.1
259.72 2.8 6.5 181.27 24211 260.32 0.1
259.82 3 6.5 181.32 25009 260.42 0.1
259.92 3.6 6.5 181.37 25074 260.52 0.1
260.02 2.9 6.5 181.42 24781 260.62 0
260.12 2.3 6.5 181.47 24607 260.72 0.1
260.22 1.5 6.5 181.52 24729 260.82 0
260.32 1.3 6.5 181.57 24576 260.92 0
260.42 1.5 6.5 181.62 24460 261.02 0
260.52 1.2 6.5 181.67 24338 261.12 0
260.62 1.8 6.5 181.72 24174 261.22 -0.1
260.72 2.6 6.5 181.77 23857 261.32 0
260.82 3 6.5 181.82 23741 261.42 -0.1
260.92 2.9 6.5 181.87 24012 261.52 0
261.02 3.3 6.5 181.92 23813 261.62 0
261.12 2.6 6.5 181.97 24103 261.72 0
261.22 3.2 6.5 182.02 23396 261.82 0
261.32 2.7 6.5 182.07 23678 261.92 0
261.42 2.6 6.5 182.12 24274 262.02 0
261.52 2.8 6.5 182.17 24223 262.12 0
261.62 3.3 6.5 182.22 23472 262.22 0
261.72 3.4 6.5 182.27 23222 262.32 0
261.82 3 6.5 182.32 23502 262.42 0
261.93 3 6.5 182.37 23385 262.53 0
262.03 2.8 6.5 182.42 23708 262.63 0
262.13 2.5 6.5 182.47 23356 262.73 0
262.23 1.8 6.5 182.52 23544 262.83 0
262.33 2.5 6.5 182.57 23126 262.93 0
262.43 3.3 6.5 182.62 22821 263.03 0
262.53 2.9 6.5 182.67 23031 263.13 0
262.63 2.9 6.5 182.72 23108 263.23 0
262.73 2.5 6.5 182.77 22903 263.33 0
262.83 2.3 6.5 182.82 24166 263.43 0
262.94 2.7 6.5 182.87 23093 263.54 0
263.04 2.9 6.5 182.92 23634 263.64 0
263.14 2.9 6.5 182.97 22410 263.74 0
263.24 2.8 6.5 183.02 23391 263.84 0
263.34 2.8 6.5 183.07 23790 263.94 0
263.44 2.1 6.5 183.12 23302 264.04 0
263.54 2.3 6.5 183.17 23724 264.14 0
263.64 2.2 6.5 183.22 23475 264.24 -0.1
263.74 2.8 6.5 183.27 23757 264.34 0
269.5 0.1 6.5 186.1 24649 270.1 0
269.6 0.3 6.5 186.15 24546 270.2 0
269.7 0.6 6.5 186.2 24201 270.3 0.1
269.8 1 6.5 186.25 23939 270.4 0
269.91 1.1 6.5 186.3 23473 270.51 0
264.35 2.4 6.5 183.57 23668 264.95 0
264.45 2.3 6.5 183.62 24039 265.05 -0.1
264.55 2.1 6.5 183.67 23351 265.15 0
264.65 1.9 6.5 183.71 24035 265.25 -0.1
264.75 2.8 6.5 183.76 23573 265.35 -0.1
264.85 3.6 6.5 183.81 24353 265.45 -0.1
264.96 3.8 6.5 183.86 24122 265.56 0
265.06 3.9 6.5 183.91 23610 265.66 0
265.16 3.9 6.5 183.96 23782 265.76 0
265.26 3.9 6.5 184.01 23651 265.86 -0.1
265.36 3.9 6.5 184.06 23578 265.96 0
265.46 3.4 6.5 184.11 24360 266.06 -0.1
265.56 2.2 6.5 184.16 24358 266.16 -0.1
265.66 2.6 6.5 184.21 24010 266.26 -0.1
265.76 2.3 6.5 184.26 23507 266.36 -0.1
265.86 1.8 6.5 184.31 24065 266.46 0
265.97 1.5 6.5 184.36 24065 266.57 -0.1
266.07 1.8 6.5 184.41 23643 266.67 0
266.17 2.1 6.5 184.46 23905 266.77 0
266.27 2.6 6.5 184.51 24065 266.87 0
266.37 1.1 6.5 184.56 23619 266.97 0.1
266.47 1.2 6.5 184.61 23969 267.07 0
266.57 1.7 6.5 184.66 23018 267.17 0.1
266.67 1.9 6.5 184.71 23642 267.27 0
266.77 1.5 6.5 184.76 23625 267.37 0
266.88 1.1 6.5 184.81 23958 267.48 0
266.98 0.9 6.5 184.86 24108 267.58 0
267.08 0.9 6.5 184.91 23720 267.68 0
267.18 1.6 6.5 184.96 23980 267.78 0
267.28 1.6 6.5 185.01 24034 267.88 0.1
267.38 1 6.5 185.06 23918 267.98 0.1
267.48 1.3 6.5 185.11 24629 268.08 0.1
267.58 1.5 6.5 185.16 24685 268.18 0
267.68 1.8 6.5 185.21 24261 268.28 0.1
267.78 1.7 6.5 185.26 25104 268.38 0.1
267.89 1.5 6.5 185.31 25096 268.49 0
267.99 1.2 6.5 185.36 24975 268.59 0.1
268.09 1.2 6.5 185.41 25533 268.69 0
268.19 0.9 6.5 185.46 24825 268.79 0
268.29 0.9 6.5 185.51 25280 268.89 0.1
268.39 0.9 6.5 185.56 24994 268.99 0
268.49 1.1 6.5 185.61 25340 269.09 0.1
268.59 1 6.5 185.66 24290 269.19 0
268.69 1 6.5 185.7 23950 269.29 0
268.79 0.7 6.5 185.75 24321 269.39 0
268.9 0.8 6.5 185.8 24360 269.5 0
269 0.7 6.5 185.85 24127 269.6 -0.1
269.1 0.5 6.5 185.9 23859 269.7 -0.1
269.2 0.2 6.5 185.95 24100 269.8 -0.1
269.3 0.3 6.5 186 24355 269.9 -0.1
269.4 0.2 6.5 186.05 23966 270 0
275.12 1.3 6.5 188.89 24603 275.72 0
275.22 1.5 6.5 188.94 24737 275.82 0
275.32 1.9 6.5 188.99 25258 275.92 0
275.42 1.5 6.5 189.04 24620 276.02 0
275.52 1.6 6.5 189.09 26792 276.12 -0.1
270.01 1.1 6.5 186.35 23623 270.61 0
270.11 1.3 6.5 186.4 23711 270.71 0
270.21 1.1 6.5 186.45 24025 270.81 0
270.31 1.5 6.5 186.5 24266 270.91 -0.1
270.41 1.8 6.5 186.55 23547 271.01 -0.1
270.51 1.6 6.5 186.6 23979 271.11 -0.1
270.61 2.2 6.5 186.65 24120 271.21 -0.1
270.71 2.8 6.5 186.7 23783 271.31 -0.1
270.81 2.6 6.5 186.75 23785 271.41 0
270.92 2.9 6.5 186.8 23609 271.52 -0.1
271.02 3.2 6.5 186.85 23568 271.62 -0.1
271.12 3.4 6.5 186.9 23939 271.72 0
271.22 3.3 6.5 186.95 23925 271.82 0
271.32 3.5 6.5 187 24102 271.92 0
271.42 1.8 6.5 187.05 24718 272.02 0
271.52 1.4 6.5 187.1 24550 272.12 -0.1
271.62 2.5 6.5 187.15 24399 272.22 -0.1
271.72 3.4 6.5 187.2 24793 272.32 -0.1
271.82 3.6 6.5 187.25 24513 272.42 -0.1
271.92 2.5 6.5 187.3 24637 272.52 -0.1
272.02 3 6.5 187.35 24849 272.62 -0.1
272.12 4.1 6.5 187.4 25463 272.72 -0.2
272.22 4.3 6.5 187.45 25768 272.82 -0.2
272.32 4.7 6.5 187.5 25835 272.92 -0.2
272.42 4.3 6.5 187.55 25688 273.02 -0.2
272.52 3.3 6.5 187.6 25814 273.12 -0.3
272.62 4 6.5 187.65 26145 273.22 -0.2
272.72 4.9 6.5 187.7 24928 273.32 -0.2
272.82 4.6 6.5 187.74 26192 273.42 -0.1
272.92 4.5 6.5 187.79 25772 273.52 -0.1
273.02 4.6 6.5 187.84 25252 273.62 -0.1
273.12 4 6.5 187.89 25266 273.72 0
273.22 4.4 6.5 187.94 24814 273.82 -0.1
273.32 4.6 6.5 187.99 25032 273.92 -0.1
273.42 4.5 6.5 188.04 23806 274.02 -0.1
273.52 4.3 6.5 188.09 25177 274.12 -0.1
273.62 4.2 6.5 188.14 24671 274.22 0
273.72 3.1 6.5 188.19 24852 274.32 -0.1
273.82 3.7 6.5 188.24 25510 274.42 0
273.92 2.4 6.5 188.29 24858 274.52 -0.1
274.02 2.3 6.5 188.34 25123 274.62 0
274.12 2.9 6.5 188.39 24387 274.72 -0.1
274.22 3.4 6.5 188.44 25239 274.82 -0.1
274.32 2.7 6.5 188.49 25360 274.92 -0.1
274.42 2.4 6.5 188.54 24935 275.02 -0.1
274.52 2.2 6.5 188.59 24880 275.12 -0.2
274.62 2.4 6.5 188.64 24979 275.22 -0.1
274.72 2.4 6.5 188.69 24889 275.32 0
274.82 1.9 6.5 188.74 24295 275.42 0
274.92 1.8 6.5 188.79 25010 275.52 0
275.02 1.5 6.5 188.84 24786 275.62 0
280.72 4.4 6 191.68 24885 281.32 -0.1
280.82 3.6 6 191.72 24719 281.42 -0.1
280.92 3 6 191.78 24897 281.52 -0.1
281.02 3 6 191.83 24192 281.62 -0.1
281.12 4.1 6 191.88 25564 281.72 0
275.62 1.9 6.5 189.14 25454 276.22 -0.1
275.72 1.5 6.5 189.19 25437 276.32 -0.1
275.82 1.4 6.5 189.24 24811 276.42 -0.1
275.92 2 6.5 189.29 24994 276.52 -0.1
276.02 2 6.5 189.34 24824 276.62 -0.1
276.12 1.9 6.5 189.39 25000 276.72 -0.1
276.22 1.8 6.5 189.44 24691 276.82 -0.1
276.32 1.8 6.5 189.49 24379 276.92 -0.1
276.42 1.8 6.5 189.54 25325 277.02 -0.2
276.52 2.2 6.5 189.59 25044 277.12 -0.1
276.62 2.2 6.5 189.64 24622 277.22 -0.1
276.72 1.8 6.5 189.69 24895 277.32 0
276.82 1.3 6.5 189.73 24246 277.42 -0.1
276.92 1.5 6.5 189.78 24632 277.52 -0.1
277.02 1.6 6.5 189.83 24631 277.62 -0.1
277.12 1.6 6.5 189.88 24382 277.72 -0.1
277.22 1.5 6.5 189.93 24390 277.82 -0.1
277.32 2.3 6.5 189.98 24471 277.92 -0.1
277.42 3.1 6.5 190.03 24722 278.02 -0.2
277.52 3.7 6.5 190.08 25171 278.12 -0.1
277.62 3.9 6.5 190.13 24708 278.22 -0.1
277.72 3.3 6.5 190.18 24495 278.32 -0.2
277.82 3 6.5 190.23 25038 278.42 -0.2
277.92 3.4 6.5 190.28 24470 278.52 -0.2
278.02 3.4 6.5 190.33 24536 278.62 -0.1
278.12 3.1 6.5 190.38 24086 278.72 -0.1
278.22 3.5 6.5 190.43 24520 278.82 0
278.32 3.8 6.5 190.48 24584 278.92 -0.1
278.42 3.6 6.5 190.53 24573 279.02 -0.1
278.52 2.6 6.5 190.58 24613 279.12 -0.1
278.62 2.6 6.5 190.63 25043 279.22 -0.1
278.72 1.8 6.5 190.68 25046 279.32 -0.1
278.82 1.5 6.5 190.73 24924 279.42 -0.1
278.92 2.4 6.5 190.78 25711 279.52 -0.1
279.02 3.3 6.5 190.83 25198 279.62 -0.1
279.12 3.4 6.5 190.88 25530 279.72 -0.1
279.22 2.3 6 190.93 24650 279.82 -0.2
279.32 2.8 6 190.98 25586 279.92 -0.2
279.42 2.8 6 191.03 25269 280.02 -0.2
279.52 1.6 6 191.08 24853 280.12 -0.2
279.62 2.9 6 191.13 24806 280.22 -0.1
279.72 3.5 6 191.18 24315 280.32 -0.1
279.82 3.4 6 191.23 24498 280.42 -0.1
279.92 3.6 6 191.28 24511 280.52 0
280.02 2.7 6 191.33 24498 280.62 0
280.12 1.7 6 191.38 24565 280.72 -0.1
280.22 1.5 6 191.43 25014 280.82 -0.1
280.32 2 6 191.48 24607 280.92 -0.1
280.42 2.2 6 191.53 24953 281.02 -0.1
280.52 2.3 6 191.58 25723 281.12 -0.1
280.62 2.1 6 191.63 25100 281.22 -0.1
286.32 0.3 6 194.49 24833 286.92 0
286.42 0.5 6 194.54 25075 287.02 -0.1
286.52 0.4 6 194.59 24932 287.12 -0.1
286.62 0.4 6 194.64 25245 287.22 -0.1
286.72 0.2 6 194.69 24100 287.32 -0.1
281.22 4.2 6 191.93 25148 281.82 0
281.32 2.7 6 191.98 24343 281.92 0
281.42 2.8 6 192.03 24529 282.02 -0.1
281.52 3.3 6 192.08 24544 282.12 -0.2
281.62 2.5 6 192.13 24865 282.22 -0.2
281.72 3.1 6 192.18 24694 282.32 -0.2
281.82 3.5 6 192.23 25359 282.42 -0.2
281.92 2.9 6 192.28 24797 282.52 -0.2
282.02 3.7 6 192.33 25244 282.62 -0.2
282.12 4 6 192.38 24784 282.72 -0.2
282.22 2.5 6 192.43 24498 282.82 -0.1
282.32 2.1 6 192.48 24811 282.92 -0.2
282.42 2.8 6 192.53 24857 283.02 -0.1
282.52 2.4 6 192.58 25616 283.12 -0.1
282.62 2 6 192.63 25095 283.22 -0.1
282.72 2 6 192.68 25400 283.32 -0.1
282.82 2 6 192.73 24752 283.42 -0.1
282.92 2 6 192.78 25150 283.52 -0.1
283.02 2.5 6 192.83 24625 283.62 -0.2
283.12 2.8 6 192.88 25025 283.72 -0.1
283.22 3 6 192.93 25565 283.82 -0.1
283.32 3.1 6 192.98 25365 283.92 -0.1
283.42 2.7 6 193.03 24895 284.02 -0.1
283.52 2.4 6 193.08 25071 284.12 -0.1
283.62 2.1 6 193.13 25253 284.22 -0.2
283.72 1.5 6 193.18 25099 284.32 -0.2
283.82 1.5 6 193.23 24796 284.42 -0.2
283.92 2.1 6 193.28 25898 284.52 -0.1
284.02 3.3 6 193.33 24815 284.62 0
284.12 3.2 6 193.38 25926 284.72 0
284.22 3.1 6 193.43 25458 284.82 0
284.32 3 6 193.48 24601 284.92 0
284.42 2.8 6 193.53 25647 285.02 0
284.52 2.2 6 193.58 26092 285.12 0
284.62 1.2 6 193.63 25513 285.22 0
284.72 1 6 193.68 25425 285.32 0
284.82 0.9 6 193.74 24409 285.42 0
284.92 1.2 6 193.79 24870 285.52 -0.1
285.02 1.2 6 193.84 24881 285.62 -0.1
285.12 1.2 6 193.89 24986 285.72 -0.1
285.22 1.2 6 193.94 25083 285.82 -0.1
285.32 1.2 6 193.99 24758 285.92 -0.1
285.42 1.1 6 194.04 25258 286.02 -0.1
285.52 1.1 6 194.09 24293 286.12 -0.1
285.62 0.8 6 194.14 24132 286.22 -0.1
285.72 0.7 6 194.19 25000 286.32 -0.1
285.82 0.7 6 194.24 24957 286.42 0
285.92 0.7 6 194.29 25149 286.52 0
286.02 0.6 6 194.34 25334 286.62 0
286.12 0.4 6 194.39 24352 286.72 0
286.22 0.2 6 194.44 25805 286.82 0
291.92 0.6 6 197.3 26039 292.52 -0.1
292.02 0.5 6 197.35 26138 292.62 -0.1
292.12 0.5 6 197.4 25495 292.72 -0.1
292.22 0.4 6 197.45 26976 292.82 -0.1
292.32 0.3 6 197.5 27155 292.92 -0.1
286.82 0.2 6 194.74 25178 287.42 -0.1
286.92 0.3 6 194.79 24595 287.52 -0.1
287.02 0.2 6 194.84 24273 287.62 -0.1
287.12 0.4 6 194.89 24583 287.72 -0.1
287.22 0.5 6 194.94 24178 287.82 -0.1
287.32 0.4 6 194.99 25181 287.92 -0.1
287.42 0.4 6 195.04 25584 288.02 -0.1
287.52 0.2 6 195.09 25230 288.12 0
287.62 0.2 6 195.14 25959 288.22 0
287.72 0.3 6 195.19 26074 288.32 -0.1
287.82 0.4 6 195.24 25514 288.42 0
287.92 0.6 6 195.29 25094 288.52 -0.1
288.02 0.9 6 195.34 24925 288.62 -0.1
288.12 1.1 6 195.39 24837 288.72 0
288.22 1.1 6 195.44 24826 288.82 0
288.32 0.8 6 195.49 24940 288.92 -0.1
288.42 0.6 6 195.54 24954 289.02 -0.1
288.52 0.5 6 195.59 25092 289.12 -0.1
288.62 0.5 6 195.64 24263 289.22 0
288.72 0.5 6 195.69 25470 289.32 0
288.82 0.3 6 195.75 25568 289.42 0.1
288.92 0.2 6 195.8 25069 289.52 0.1
289.02 0.3 6 195.85 25181 289.62 0.1
289.12 0.4 6 195.9 24563 289.72 0
289.22 0.4 6 195.95 24021 289.82 0
289.32 0.3 6 196 23823 289.92 0
289.42 0.2 6 196.05 25210 290.02 -0.1
289.52 0.1 6 196.1 25082 290.12 0
289.62 0.1 6 196.15 24451 290.22 -0.1
289.72 0.2 6 196.2 24850 290.32 -0.1
289.82 0.4 6 196.25 24854 290.42 0
289.92 0.6 6 196.3 24569 290.52 0
290.02 0.6 6 196.35 24786 290.62 0
290.12 0.4 6 196.4 24336 290.72 -0.1
290.22 0.4 6 196.45 25746 290.82 -0.1
290.32 0.3 6 196.5 24950 290.92 -0.1
290.42 0.2 6 196.55 24383 291.02 -0.1
290.52 0.1 6 196.6 24670 291.12 0
290.62 0.1 6 196.65 24588 291.22 0
290.72 0.1 6 196.7 24797 291.32 0.1
290.82 0.2 6 196.75 24644 291.42 0
290.92 0.1 6 196.8 24748 291.52 0
291.02 0.2 6 196.85 24559 291.62 0
291.12 0.5 6 196.9 23772 291.72 0
291.22 0.8 6 196.95 24201 291.82 0
291.32 0.9 6 197 23661 291.92 -0.1
291.42 0.5 6 197.05 25407 292.02 -0.1
291.52 0.4 6 197.1 25471 292.12 -0.1
291.62 0.7 6 197.15 26252 292.22 -0.1
291.72 0.7 6 197.2 26062 292.32 -0.1
291.82 0.8 6 197.25 26401 292.42 0
297.52 0.4 6.75 200.12 27102 298.12 -0.1
297.62 0.5 6.75 200.17 27112 298.22 0
297.72 0.6 6.75 200.22 27146 298.32 0.1
297.82 0.6 6.75 200.27 27620 298.42 0
297.92 0.6 6.75 200.32 27810 298.52 -0.1
292.42 0.3 6 197.55 27369 293.02 0
292.52 0.5 6 197.6 26356 293.12 0.1
292.62 0.5 6 197.65 26958 293.22 0
292.72 0.3 6 197.71 26352 293.32 0
292.82 0.4 6 197.76 26846 293.42 0
292.92 0.5 6 197.81 26513 293.52 -0.1
293.02 0.5 6.75 197.86 26469 293.62 -0.1
293.12 0.5 6.75 197.91 27443 293.72 -0.1
293.22 0.9 6.75 197.96 26465 293.82 -0.1
293.32 1 6.75 198.01 26852 293.92 -0.1
293.42 0.7 6.75 198.06 26989 294.02 -0.1
293.52 0.5 6.75 198.11 27020 294.12 -0.1
293.62 0.4 6.75 198.16 26700 294.22 -0.1
293.72 0.2 6.75 198.21 27027 294.32 -0.1
293.82 0.3 6.75 198.26 27078 294.42 0
293.92 0.2 6.75 198.31 26258 294.52 0.1
294.02 0.2 6.75 198.36 27243 294.62 0
294.12 0.1 6.75 198.41 26117 294.72 0
294.22 0.1 6.75 198.46 27086 294.82 0
294.32 0.2 6.75 198.51 26756 294.92 0
294.42 0.2 6.75 198.56 26768 295.02 -0.1
294.52 0.2 6.75 198.61 26516 295.12 -0.1
294.62 0.4 6.75 198.66 26260 295.22 -0.1
294.72 0.6 6.75 198.71 26258 295.32 -0.1
294.82 0.5 6.75 198.76 26886 295.42 -0.1
294.92 0.6 6.75 198.81 26988 295.52 -0.1
295.02 0.6 6.75 198.86 27171 295.62 -0.1
295.12 0.5 6.75 198.91 27552 295.72 -0.1
295.22 0.5 6.75 198.96 27815 295.82 0
295.32 0.5 6.75 199.01 27106 295.92 0
295.42 0.4 6.75 199.06 26556 296.02 0
295.52 0.4 6.75 199.11 26773 296.12 0.1
295.62 0.3 6.75 199.16 26940 296.22 0
295.72 0.3 6.75 199.21 26751 296.32 0
295.82 0.3 6.75 199.26 27115 296.42 0
295.92 0.2 6.75 199.31 27126 296.52 0
296.02 0.1 6.75 199.36 28889 296.62 0
296.12 0.1 6.75 199.41 27827 296.72 0
296.22 0.2 6.75 199.46 28566 296.82 0
296.32 0.4 6.75 199.51 27969 296.92 -0.1
296.42 0.4 6.75 199.56 27484 297.02 0
296.52 0.3 6.75 199.61 26174 297.12 -0.1
296.62 0.4 6.75 199.66 26187 297.22 -0.1
296.72 0.4 6.75 199.72 25868 297.32 -0.1
296.82 0.5 6.75 199.77 26143 297.42 0
296.92 0.6 6.75 199.82 25620 297.52 -0.1
297.02 0.5 6.75 199.87 25865 297.62 -0.1
297.12 0.5 6.75 199.92 25940 297.72 0
297.22 0.5 6.75 199.97 26197 297.82 -0.1
297.32 0.5 6.75 200.02 26506 297.92 -0.1
297.42 0.4 6.75 200.07 27273 298.02 -0.1
303.04 0.3 8.5 202.87 26508 303.64 -0.1
303.14 1 8.5 202.92 27218 303.74 -0.1
303.24 1.4 8.5 202.97 26684 303.84 -0.1
303.34 1.2 8.5 203.02 26477 303.94 -0.1
303.44 1.2 8.5 203.07 26186 304.04 -0.1
303.54 1.1 8.5 203.12 26126 304.14 -0.2
298.02 0.5 6.75 200.37 27484 298.62 0
298.12 0.6 6.75 200.42 27843 298.72 0
298.22 0.7 6.75 200.47 27633 298.82 0
298.32 0.7 6.75 200.52 27378 298.92 0
298.42 0.8 6.75 200.57 26827 299.02 -0.1
298.52 1 6.75 200.62 26941 299.12 0
298.62 0.8 6.75 200.67 27125 299.22 -0.1
298.72 0.6 6.75 200.72 26433 299.32 0
298.82 0.5 6.75 200.77 26496 299.42 -0.1
298.92 0.4 6.75 200.82 27053 299.52 0
299.02 0.3 6.75 200.87 26261 299.62 0
299.12 0.3 6.75 200.92 26593 299.72 0.1
299.22 0.2 6.75 200.97 26820 299.82 0
299.32 0.2 6.75 201.02 27922 299.92 0.1
299.42 0.2 6.75 201.07 27551 300.02 0
299.52 0.2 6.75 201.12 29129 300.12 0.1
299.62 0.3 6.75 201.17 30000 300.22 0
299.72 0.3 6.75 201.22 29803 300.32 0
299.82 0.2 6.75 201.27 29231 300.42 -0.1
299.92 0.1 6.75 201.32 28831 300.52 -0.1
300.02 0 6.75 201.37 27361 300.62 0
300.12 -0.1 6.75 201.42 28005 300.72 0
300.22 -0.1 6.75 201.47 27023 300.82 -0.1
300.32 0.2 6.75 201.52 27132 300.92 -0.1
300.42 0.3 6.75 201.57 27010 301.02 -0.1
300.52 0.1 6.75 201.62 26352 301.12 -0.1
300.62 0 6.75 201.67 26956 301.22 0
300.72 0.1 6.75 201.73 26741 301.32 0.1
300.82 0.2 6.75 201.77 26749 301.42 0
300.92 0.2 6.75 201.82 26809 301.52 0
301.02 0.1 6.75 201.87 27440 301.62 0
301.12 0.1 6.75 201.92 27405 301.72 0
301.22 0 6.75 201.97 26875 301.82 0
301.32 0 6.75 202.02 26555 301.92 -0.1
301.42 0.1 6.75 202.07 26908 302.02 -0.1
301.52 0.3 6.75 202.12 26852 302.12 -0.1
301.62 0.5 6.75 202.17 26423 302.22 -0.2
301.72 0.3 6.75 202.22 26625 302.32 -0.1
301.82 0.3 6.75 202.27 25556 302.42 -0.1
301.93 0.4 6.75 202.32 25718 302.53 -0.2
302.03 0.5 8.5 202.37 25274 302.63 -0.2
302.13 0.9 8.5 202.42 25112 302.73 0
302.23 0.8 8.5 202.47 26577 302.83 0
302.33 0.6 8.5 202.52 27327 302.93 0
302.43 0.6 8.5 202.57 27318 303.03 0
302.53 0.8 8.5 202.62 27592 303.13 0
302.63 0.9 8.5 202.67 27077 303.23 0
302.73 0.7 8.5 202.72 27482 303.33 0
302.83 0.3 8.5 202.77 27195 303.43 0
302.94 0.2 8.5 202.82 26363 303.54 -0.1
308.69 1.1 8.5 205.67 25973 309.29 0
308.79 1 8.5 205.72 26193 309.39 0
308.9 0.9 8.5 205.77 25246 309.5 0
309 1 8.5 205.82 25172 309.6 0
309.1 1.1 8.5 205.87 25233 309.7 0
309.2 1.2 8.5 205.92 25216 309.8 0
303.64 1.3 8.5 203.17 26887 304.24 -0.2
303.74 1.2 8.5 203.22 26714 304.34 -0.1
303.84 1.3 8.5 203.27 27390 304.44 0
303.95 1.6 8.5 203.32 26490 304.55 0
304.05 1.6 8.5 203.37 27250 304.65 -0.1
304.15 1.6 8.5 203.42 26262 304.75 0
304.25 1.6 8.5 203.47 26377 304.85 0
304.35 1.6 8.5 203.52 26866 304.95 -0.1
304.45 1.2 8.5 203.57 25982 305.05 -0.1
304.55 1.2 8.5 203.62 26331 305.15 -0.1
304.65 1.1 8.5 203.67 26350 305.25 -0.1
304.75 1.1 8.5 203.72 26704 305.35 0
304.85 1.2 8.5 203.77 27412 305.45 -0.1
304.96 1.3 8.5 203.82 27254 305.56 -0.1
305.06 1.1 8.5 203.87 27662 305.66 -0.1
305.16 0.9 8.5 203.92 27561 305.76 0
305.26 0.9 8.5 203.97 27301 305.86 0.1
305.36 0.8 8.5 204.02 27913 305.96 0
305.46 0.7 8.5 204.07 27170 306.06 0
305.56 0.8 8.5 204.12 27387 306.16 0
305.66 1.2 8.5 204.17 27203 306.26 -0.1
305.76 1.2 8.5 204.22 27888 306.36 -0.1
305.86 1.8 8.5 204.27 27404 306.46 -0.2
305.97 2.1 8.5 204.32 28000 306.57 -0.1
306.07 1.6 8.5 204.37 27895 306.67 -0.1
306.17 1.4 8.5 204.42 27263 306.77 -0.1
306.27 1.4 8.5 204.47 28346 306.87 -0.1
306.37 1.5 8.5 204.52 28090 306.97 -0.2
306.47 1.6 8.5 204.57 28173 307.07 -0.2
306.57 1.7 8.5 204.62 28887 307.17 0
306.67 1.6 8.5 204.67 28627 307.27 0
306.77 1.2 8.5 204.72 28424 307.37 0
306.88 1.4 8.5 204.77 28723 307.48 0.1
306.98 1.2 8.5 204.82 27201 307.58 0.1
307.08 1 8.5 204.87 27059 307.68 0
307.18 0.6 8.5 204.92 26751 307.78 0
307.28 0.8 8.5 204.97 27306 307.88 0
307.38 0.9 8.5 205.02 27185 307.98 -0.1
307.48 1 8.5 205.07 26920 308.08 -0.1
307.58 1.1 8.5 205.12 26071 308.18 -0.1
307.68 1.1 8.5 205.17 26210 308.28 -0.1
307.78 1.4 8.5 205.22 26745 308.38 -0.1
307.89 1.4 8.5 205.27 26087 308.49 -0.1
307.99 1.4 8.5 205.32 26163 308.59 -0.1
308.09 1.4 8.5 205.37 26218 308.69 -0.1
308.19 1.4 8.5 205.42 25944 308.79 -0.1
308.29 1.3 8.5 205.47 26591 308.89 -0.1
308.39 1.6 8.5 205.52 26889 308.99 0
308.49 1.6 8.5 205.57 26426 309.09 0
308.59 1.4 8.5 205.62 26377 309.19 0
314.32 1.4 8.5 208.47 24719 314.92 -0.1
314.42 1.6 8.5 208.52 24090 315.02 -0.1
314.52 1.5 8.5 208.57 23662 315.12 -0.1
314.62 1.4 8.5 208.62 24552 315.22 -0.1
314.72 1.4 8.5 208.67 23078 315.32 -0.2
314.82 1.4 8.5 208.72 23532 315.42 -0.1
309.3 1.3 8.5 205.97 25297 309.9 -0.1
309.4 1.4 8.5 206.02 24779 310 -0.1
309.5 1.5 8.5 206.07 24978 310.1 -0.1
309.6 1.3 8.5 206.12 24376 310.2 -0.1
309.7 1.2 8.5 206.17 24541 310.3 -0.2
309.8 1.2 8.5 206.22 23743 310.4 -0.2
309.91 1.1 8.5 206.27 24145 310.51 -0.1
310.01 1.1 8.5 206.32 23687 310.61 -0.1
310.11 1.1 8.5 206.37 24941 310.71 0
310.21 1.3 8.5 206.42 24782 310.81 0
310.31 1.3 8.5 206.47 24160 310.91 0
310.41 1.3 8.5 206.52 24122 311.01 0.1
310.51 1 8.5 206.57 24194 311.11 0.1
310.61 1 8.5 206.62 24285 311.21 0.1
310.71 1.2 8.5 206.67 23591 311.31 0.1
310.81 1.3 8.5 206.72 23538 311.41 0
310.92 1.4 8.5 206.77 24636 311.52 0
311.02 1.4 8.5 206.82 24428 311.62 0
311.12 1.6 8.5 206.87 24021 311.72 0
311.22 1.4 8.5 206.92 24021 311.82 -0.2
311.32 1.3 8.5 206.97 24321 311.92 -0.2
311.42 1.1 8.5 207.02 24190 312.02 -0.2
311.52 1.1 8.5 207.07 24375 312.12 -0.2
311.62 1.1 8.5 207.12 23206 312.22 -0.1
311.72 1.5 8.5 207.17 24185 312.32 -0.2
311.82 1.5 8.5 207.22 23763 312.42 -0.2
311.92 1.5 8.5 207.27 24642 312.52 -0.1
312.02 1.4 8.5 207.32 23987 312.62 -0.1
312.12 1.2 8.5 207.37 23863 312.72 0
312.22 1.3 8.5 207.42 23452 312.82 0
312.32 1.2 8.5 207.47 24203 312.92 0
312.42 1.3 8.5 207.52 24153 313.02 0.1
312.52 1.1 8.5 207.57 24125 313.12 0
312.62 1.2 8.5 207.62 23886 313.22 0
312.72 1.3 8.5 207.67 23859 313.32 -0.1
312.82 1.5 8.5 207.72 24371 313.42 -0.1
312.92 1.8 8.5 207.77 24387 313.52 0
313.02 1.9 8.5 207.82 24022 313.62 0
313.12 1.9 8.5 207.87 24409 313.72 -0.1
313.22 2 8.5 207.92 23924 313.82 -0.2
313.32 1.9 8.5 207.97 23600 313.92 -0.2
313.42 1.8 8.5 208.02 24216 314.02 -0.2
313.52 1.7 8.5 208.07 24359 314.12 0
313.62 1.9 8.5 208.12 23370 314.22 0
313.72 2 8.5 208.17 24494 314.32 0
313.82 1.9 8.5 208.22 24180 314.42 0
313.92 1.8 8.5 208.27 24173 314.52 -0.1
314.02 1.7 8.5 208.32 24250 314.62 -0.1
314.12 1.6 8.5 208.37 23461 314.72 0
314.22 1.6 8.5 208.42 24424 314.82 -0.1
319.92 1.2 8.5 211.27 22583 320.52 0
320.02 1.7 8.5 211.32 23270 320.62 0
320.12 1.7 8.5 211.37 23063 320.72 0
320.22 1.5 8.5 211.42 23025 320.82 0
320.32 1.4 8.5 211.47 22972 320.92 -0.1
320.42 1.2 8.5 211.52 22816 321.02 -0.1
314.92 2 8.5 208.77 24088 315.52 0.1
315.02 2.1 8.5 208.82 23605 315.62 0.1
315.12 2.2 8.5 208.87 23736 315.72 0.1
315.22 1.8 8.5 208.92 24167 315.82 0
315.32 1.7 8.5 208.97 22994 315.92 -0.1
315.42 2.1 8.5 209.02 22979 316.02 -0.1
315.52 2.3 8.5 209.07 24096 316.12 -0.1
315.62 2.1 8.5 209.12 24836 316.22 -0.1
315.72 1.8 8.5 209.17 24360 316.32 -0.2
315.82 1.9 8.5 209.22 24496 316.42 0.1
315.92 2 8.5 209.27 24224 316.52 0
316.02 1.7 8.5 209.32 24012 316.62 -0.1
316.12 1.8 8.5 209.37 23086 316.72 -0.1
316.22 1.5 8.5 209.42 23766 316.82 0
316.32 1.5 8.5 209.47 23780 316.92 0.1
316.42 1.7 8.5 209.52 23355 317.02 0.1
316.52 1.8 8.5 209.57 23452 317.12 0.2
316.62 1.8 8.5 209.62 23333 317.22 0.1
316.72 1.6 8.5 209.67 23640 317.32 0.1
316.82 1.6 8.5 209.72 23356 317.42 0.1
316.92 1.6 8.5 209.77 23641 317.52 0
317.02 1.4 8.5 209.82 24000 317.62 0.1
317.12 1.5 8.5 209.87 23700 317.72 0
317.22 1.5 8.5 209.92 23874 317.82 0
317.32 1.7 8.5 209.97 22626 317.92 -0.1
317.42 1.5 8.5 210.02 23524 318.02 -0.1
317.52 1.6 8.5 210.07 23640 318.12 0
317.62 1.5 8.5 210.12 23253 318.22 0
317.72 1.2 8.5 210.17 24049 318.32 -0.1
317.82 1.1 8.5 210.22 23402 318.42 -0.1
317.92 1 8.5 210.27 22980 318.52 -0.1
318.02 1 8.5 210.32 23330 318.62 0.1
318.12 1 8.5 210.37 23680 318.72 0.2
318.22 1.2 8.5 210.42 24476 318.82 0.1
318.32 1.4 8.5 210.47 23753 318.92 0.1
318.42 1.3 8.5 210.52 23539 319.02 0
318.52 1.3 8.5 210.57 24043 319.12 0.1
318.62 1.3 8.5 210.62 23673 319.22 0
318.72 1.1 8.5 210.67 24615 319.32 0
318.82 1.2 8.5 210.72 23409 319.42 0
318.92 1.5 8.5 210.77 24132 319.52 0
319.02 1.4 8.5 210.82 24116 319.62 0
319.12 1.2 8.5 210.87 23759 319.72 -0.1
319.22 1 8.5 210.92 23500 319.82 0
319.32 1.1 8.5 210.97 24100 319.92 0.1
319.42 1.1 8.5 211.02 24720 320.02 0.1
319.52 1 8.5 211.07 23737 320.12 0.1
319.62 0.9 8.5 211.12 24161 320.22 0.1
319.72 1.1 8.5 211.17 23962 320.32 0
319.82 0.9 8.5 211.22 23371 320.42 0.1
325.56 1.7 8.5 214.09 23782 326.16 0
325.66 1.5 8.5 214.14 24362 326.26 0.1
325.76 1.3 8.5 214.19 24072 326.36 0
325.86 1.5 8.5 214.24 24259 326.46 0
325.97 1.8 8.5 214.29 24238 326.57 0
326.07 1.8 8.5 214.34 23924 326.67 0
320.52 1.1 8.5 211.57 22974 321.12 0
320.62 1.1 8.5 211.62 23051 321.22 0.2
320.72 0.8 8.5 211.67 22908 321.32 0.2
320.82 0.7 8.5 211.72 22943 321.42 0.2
320.92 1.1 8.5 211.78 22852 321.52 0.1
321.02 1.3 8.5 211.83 23041 321.62 0.1
321.12 1.4 8.5 211.88 23529 321.72 0.1
321.22 1.4 8.5 211.93 24207 321.82 0
321.32 1.5 8.5 211.98 23050 321.92 0
321.42 1.5 8.5 212.03 23794 322.02 -0.1
321.52 1.4 8.5 212.08 23750 322.12 -0.1
321.62 1.5 8.5 212.13 24000 322.22 0
321.72 1.7 8.5 212.18 23279 322.32 -0.1
321.82 1.8 8.5 212.23 23273 322.42 -0.1
321.93 1.7 8.5 212.28 23145 322.53 -0.2
322.03 1.2 8.5 212.33 23292 322.63 -0.1
322.13 0.9 8.5 212.38 22613 322.73 0
322.23 1.1 8.5 212.43 23446 322.83 0.1
322.33 1.7 8.5 212.48 23439 322.93 0
322.43 2.1 8.5 212.53 23280 323.03 0.1
322.53 2.2 8.5 212.58 23175 323.13 0.1
322.63 2.2 8.5 212.63 23312 323.23 0.1
322.73 2.2 8.5 212.68 23042 323.33 0
322.83 2.1 8.5 212.73 23393 323.43 0
322.94 2 8.5 212.78 23502 323.54 0
323.04 2 8.5 212.83 23288 323.64 0
323.14 2.1 8.5 212.88 23103 323.74 0
323.24 2.2 8.5 212.93 23515 323.84 0
323.34 2.2 8.5 212.98 23871 323.94 -0.1
323.44 1.9 8.5 213.03 23584 324.04 0
323.54 2 8.5 213.08 24382 324.14 -0.1
323.64 1.7 8.5 213.13 24323 324.24 0
323.74 1.5 8.5 213.18 23632 324.34 0.1
323.84 1.7 8.5 213.23 24248 324.44 0.1
323.95 1.8 8.5 213.28 23634 324.55 0.2
324.05 1.9 8.5 213.33 24504 324.65 0.1
324.15 2.2 8.5 213.38 24113 324.75 0.1
324.25 2.2 8.5 213.43 24208 324.85 0.1
324.35 2 8.5 213.48 24635 324.95 0.1
324.45 2 8.5 213.53 23557 325.05 0
324.55 2 8.5 213.58 24395 325.15 0
324.65 1.8 8.5 213.63 23861 325.25 -0.1
324.75 1.7 8.5 213.68 24336 325.35 0
324.85 1.7 8.5 213.74 23792 325.45 0
324.96 1.7 8.5 213.79 24279 325.56 0
325.06 1.6 8.5 213.84 23800 325.66 -0.1
325.16 1.8 8.5 213.89 24155 325.76 0.1
325.26 1.7 8.5 213.94 23504 325.86 0.1
325.36 1.7 8.5 213.99 23340 325.96 0.2
325.46 1.8 8.5 214.04 23644 326.06 0.1
331.22 6.4 8.5 216.9 24663 331.82 0.1
331.32 5.9 8.5 216.95 23696 331.92 0
331.42 6.2 8.5 217 24356 332.02 0
331.52 6.2 8.5 217.05 24017 332.12 0
331.62 5.6 8.5 217.1 23575 332.22 0
331.72 5.7 8.5 217.15 24141 332.32 0
326.17 1.8 8.5 214.39 24313 326.77 0
326.27 1.9 8.5 214.44 23615 326.87 -0.2
326.37 2 8.5 214.49 24281 326.97 -0.1
326.47 2.4 8.5 214.54 24688 327.07 0.1
326.57 2.8 8.5 214.59 25115 327.17 0.2
326.67 2.7 8.5 214.64 23762 327.27 0.2
326.77 2.9 8.5 214.69 24772 327.37 0
326.88 3.1 8.5 214.74 24529 327.48 0.1
326.98 2.9 8.5 214.79 24497 327.58 0.1
327.08 3.1 8.5 214.84 24225 327.68 0.1
327.18 2.9 8.5 214.89 24023 327.78 0
327.28 2.2 8.5 214.94 24609 327.88 0
327.38 1.7 8.5 214.99 24082 327.98 0
327.48 1.8 8.5 215.04 25094 328.08 0
327.58 2 8.5 215.09 24769 328.18 0
327.68 3.2 8.5 215.14 23931 328.28 0
327.78 3.4 8.5 215.19 24788 328.38 0
327.89 3.4 8.5 215.24 25083 328.49 0
327.99 3.2 8.5 215.29 25152 328.59 0
328.09 3 8.5 215.34 24700 328.69 0
328.19 3.1 8.5 215.39 24423 328.79 0.1
328.29 3.1 8.5 215.44 24654 328.89 0.3
328.39 2.8 8.5 215.49 24403 328.99 0.2
328.49 2.8 8.5 215.54 24295 329.09 0.1
328.59 2.9 8.5 215.59 24470 329.19 0.2
328.69 2.8 8.5 215.64 24730 329.29 0.2
328.79 2.8 8.5 215.69 24910 329.39 0.2
328.9 2.3 8.5 215.75 24669 329.5 0.1
329 2.1 8.5 215.8 25059 329.6 0
329.1 2.2 8.5 215.85 24030 329.7 0
329.2 2.2 8.5 215.9 24621 329.8 0.2
329.3 2.3 8.5 215.95 24000 329.9 0.3
329.4 2.4 8.5 216 24783 330 0.5
329.5 2.5 8.5 216.05 24733 330.1 0.4
329.6 3.1 8.5 216.1 24241 330.2 0
329.7 3.7 8.5 216.15 24666 330.3 0.3
329.8 3.5 8.5 216.2 24327 330.4 0.4
329.91 3.5 8.5 216.25 24447 330.51 0.3
330.01 4 8.5 216.3 24241 330.61 0.3
330.11 5.3 8.5 216.35 24829 330.71 0.5
330.21 5.7 8.5 216.4 23725 330.81 0.2
330.31 5.6 8.5 216.45 24639 330.91 0
330.41 3.6 8.5 216.5 24653 331.01 0
330.51 3.3 8.5 216.55 23901 331.11 0.1
330.61 4.5 8.5 216.6 24679 331.21 0
330.71 5.5 8.5 216.65 24398 331.31 0
330.81 5.7 8.5 216.7 24165 331.41 -0.1
330.92 4.7 8.5 216.75 24373 331.52 0.1
331.02 4 8.5 216.8 24344 331.62 0.1
331.12 5.3 8.5 216.85 24376 331.72 0.1
336.77 3.8 8.5 219.66 24763 337.37 0.2
336.88 4.3 8.5 219.72 23634 337.48 0.1
336.98 4 8.5 219.77 24363 337.58 0.1
337.08 2.1 8.5 219.82 24302 337.68 0.1
337.18 1.2 8.5 219.87 23941 337.78 0.2
337.28 1.1 8.5 219.92 24116 337.88 0.3
337.38 1.1 8.5 219.97 24334 337.98 0.3
331.82 6.3 8.5 217.2 23881 332.42 0
331.93 6.7 8.5 217.25 24287 332.53 0
332.03 5.4 8.5 217.3 24595 332.63 -0.2
332.13 5.8 8.5 217.35 24084 332.73 -0.1
332.23 6.1 8.5 217.4 24160 332.83 0
332.33 6.3 8.5 217.45 24515 332.93 0.1
332.43 6.5 8.5 217.5 24181 333.03 0.1
332.53 7 8.5 217.55 24543 333.13 0.1
332.63 7.1 8.5 217.6 24405 333.23 0.1
332.73 6.6 8.5 217.65 24296 333.33 0.1
332.83 5.4 8.5 217.71 24370 333.43 0
332.94 5.3 8.5 217.76 24135 333.54 0.1
333.04 5.3 8.5 217.81 24159 333.64 0
333.14 4.8 8.5 217.86 23858 333.74 0
333.24 4.7 8.5 217.91 23769 333.84 0
333.34 5 8.5 217.96 23884 333.94 0
333.44 4.6 8.5 218.01 23649 334.04 0.1
333.54 4.4 8.5 218.06 24281 334.14 0.2
333.64 4.2 8.5 218.11 23802 334.24 0.2
333.74 4.8 8.5 218.16 23943 334.34 0.1
333.84 5.5 8.5 218.21 24478 334.44 0.1
333.95 4.9 8.5 218.26 23748 334.55 0.1
334.05 4.3 8.5 218.31 24597 334.65 0.1
334.15 4 8.5 218.36 24627 334.75 0
334.25 4.1 8.5 218.41 24768 334.85 0.2
334.35 3.8 8.5 218.46 24404 334.95 0.1
334.45 3.3 8.5 218.51 23757 335.05 0.1
334.55 2.9 8.5 218.56 24322 335.15 0
334.65 3.5 8.5 218.61 24420 335.25 0.1
334.75 3.4 8.5 218.66 24202 335.35 0.3
334.85 1.6 8.5 218.71 23941 335.45 0.3
334.96 1.8 8.5 218.76 24271 335.56 0.2
335.06 2 8.5 218.81 24308 335.66 0.2
335.16 1.8 8.5 218.86 24133 335.76 0.2
335.26 1.9 8.5 218.91 24071 335.86 0.2
335.36 1.9 8.5 218.96 23538 335.96 0.1
335.46 2.1 8.5 219.01 23595 336.06 0.1
335.56 1.8 8.5 219.06 24149 336.16 0.1
335.66 1.8 8.5 219.11 24244 336.26 0.1
335.76 1.8 8.5 219.16 24205 336.36 0.1
335.86 1.6 8.5 219.21 23906 336.46 0.1
335.97 1.3 8.5 219.26 24327 336.57 0.2
336.07 1.5 8.5 219.31 24365 336.67 0.3
336.17 1.5 8.5 219.36 24398 336.77 1.4
336.27 1.3 8.5 219.41 23579 336.87 2.7
336.37 1.1 8.5 219.46 23765 336.97 2.4
336.47 1.1 8.5 219.51 23255 337.07 1.3
336.57 1.1 8.5 219.56 23693 337.17 0.9
336.67 1.1 8.5 219.61 23650 337.27 0.5
342.42 1.3 8.5 222.47 23571 343.02 0.2
342.52 0.7 8.5 222.52 24117 343.12 0.2
342.62 0.7 8.5 222.57 23871 343.22 0.2
342.72 0.9 8.5 222.62 24194 343.32 0.2
342.82 1 8.5 222.67 23628 343.42 0.2
342.92 0.9 8.5 222.72 23797 343.52 0.3
343.02 0.9 8.5 222.77 24757 343.62 0.3
337.48 1.1 8.5 220.02 24663 338.08 0.3
337.58 1.4 8.5 220.07 23984 338.18 0.3
337.68 1.2 8.5 220.12 23693 338.28 0.2
337.78 1.1 8.5 220.17 24119 338.38 0.1
337.89 1 8.5 220.22 23745 338.49 0.1
337.99 1.1 8.5 220.27 23550 338.59 0.1
338.09 1 8.5 220.32 24202 338.69 0.1
338.19 1 8.5 220.37 23322 338.79 0.1
338.29 1 8.5 220.42 24358 338.89 0.1
338.39 1 8.5 220.47 24234 338.99 0.1
338.49 1 8.5 220.52 23850 339.09 0.2
338.59 1.1 8.5 220.57 23440 339.19 0.3
338.69 1.1 8.5 220.62 24445 339.29 0.2
338.79 1 8.5 220.67 24566 339.39 0.3
338.9 1.1 8.5 220.72 23477 339.5 0.7
339 1.2 8.5 220.77 25294 339.6 2.4
339.1 1.1 8.5 220.82 24516 339.7 10.4
339.2 1.2 8.5 220.87 23198 339.8 5.7
339.3 1.3 8.5 220.92 24537 339.9 1.1
339.4 1.2 8.5 220.97 24431 340 0.4
339.5 0.9 8.5 221.02 24267 340.1 0.2
339.6 0.8 8.5 221.07 24359 340.2 0.1
339.7 0.9 8.5 221.12 23838 340.3 0.2
339.8 0.2 8.5 221.17 24226 340.4 0.4
339.91 0.4 8.5 221.22 24108 340.51 0.9
340.01 0.7 8.5 221.27 23269 340.61 2
340.11 0.7 8.5 221.32 23956 340.71 1.3
340.21 0.6 8.5 221.37 24092 340.81 1.1
340.31 0.6 8.5 221.42 24054 340.91 0.4
340.41 0.5 8.5 221.47 23864 341.01 0.2
340.51 0.6 8.5 221.52 24300 341.11 0.2
340.61 2 8.5 221.57 23711 341.21 0.1
340.71 2.2 8.5 221.62 24161 341.31 0.1
340.81 1.1 8.5 221.67 24134 341.41 0.2
340.92 1.1 8.5 221.73 24109 341.52 0.6
341.02 1.1 8.5 221.77 24424 341.62 0.2
341.12 0.9 8.5 221.82 24184 341.72 0.2
341.22 0.9 8.5 221.87 24843 341.82 0.2
341.32 0.8 8.5 221.92 24464 341.92 0.3
341.42 0.8 8.5 221.97 23918 342.02 0.2
341.52 1.1 8.5 222.02 24335 342.12 0.2
341.62 1.4 8.5 222.07 23625 342.22 0.2
341.72 0.9 8.5 222.12 23662 342.32 0.2
341.82 0.9 8.5 222.17 24552 342.42 0.6
341.92 1.2 8.5 222.22 24220 342.52 0.4
342.02 1.5 8.5 222.27 24125 342.62 0.2
342.12 1.3 8.5 222.32 24028 342.72 0.1
342.22 1.3 8.5 222.37 24131 342.82 0
342.32 1.4 8.5 222.42 24194 342.92 0
348.02 1.5 8.5 225.27 23523 348.62 0.6
348.12 1.2 8.5 225.32 23608 348.72 0.4
348.22 1.7 8.5 225.37 23379 348.82 0.3
348.32 1.7 8.5 225.42 24047 348.92 0.2
348.42 1.7 8.5 225.47 24232 349.02 0.2
348.52 1.5 8.5 225.52 24649 349.12 0.2
348.62 1.1 8.5 225.57 24305 349.22 0.2
343.12 1 8.5 222.82 23927 343.72 0.4
343.22 1.3 8.5 222.87 23921 343.82 0.9
343.32 1.5 8.5 222.92 23709 343.92 1.8
343.42 1.2 8.5 222.97 23892 344.02 3.9
343.52 1.1 8.5 223.02 23876 344.12 16.2
343.62 0.7 8.5 223.07 23702 344.22 21.9
343.72 0.6 8.5 223.12 23736 344.32 10.6
343.82 0.4 8.5 223.17 24558 344.42 5.6
343.92 0.2 8.5 223.22 23284 344.52 5.6
344.02 0.1 8.5 223.27 23861 344.62 6.3
344.12 0.8 8.5 223.32 24640 344.72 6.3
344.22 5.4 8.5 223.37 23704 344.82 5.2
344.32 7.8 8.5 223.42 23831 344.92 4.7
344.42 9.6 8.5 223.47 23944 345.02 4.4
344.52 8.7 8.5 223.52 23565 345.12 5.6
344.62 6.7 8.5 223.57 23825 345.22 6.9
344.72 5.4 8.5 223.62 23986 345.32 5.5
344.82 4 8.5 223.67 24163 345.42 3.6
344.92 2.6 8.5 223.72 23541 345.52 3.3
345.02 1.6 8.5 223.77 23466 345.62 2.7
345.12 1.3 8.5 223.82 24278 345.72 1.4
345.22 1.2 8.5 223.87 23919 345.82 0.6
345.32 1.2 8.5 223.92 24259 345.92 0.5
345.42 1.6 8.5 223.97 24839 346.02 0.3
345.52 1.3 8.5 224.02 24952 346.12 0.3
345.62 1.1 8.5 224.07 25100 346.22 0.2
345.72 1.3 8.5 224.12 23994 346.32 0.3
345.82 1.6 8.5 224.17 24189 346.42 0.3
345.92 1.2 8.5 224.22 24215 346.52 0.3
346.02 1.1 8.5 224.27 24148 346.62 0.2
346.12 1 8.5 224.32 24040 346.72 0.3
346.22 0.9 8.5 224.37 24198 346.82 0.2
346.32 1.8 8.5 224.42 23986 346.92 0.4
346.42 1.4 8.5 224.47 24291 347.02 0.3
346.52 1.1 8.5 224.52 24333 347.12 0.3
346.62 1.2 8.5 224.57 24211 347.22 0.3
346.72 1.5 8.5 224.62 23262 347.32 0.2
346.82 1.9 8.5 224.67 23981 347.42 0.2
346.92 1.4 8.5 224.72 23572 347.52 0.3
347.02 1.4 8.5 224.77 23411 347.62 0.6
347.12 1.8 8.5 224.82 23553 347.72 0.7
347.22 1.9 8.5 224.87 24036 347.82 0.5
347.32 1.9 8.5 224.92 23863 347.92 0.5
347.42 1.5 8.5 224.97 23875 348.02 0.1
347.52 1.3 8.5 225.02 23616 348.12 0.1
347.62 1.3 8.5 225.07 24086 348.22 0.2
347.72 1.5 8.5 225.12 23183 348.32 0.3
347.82 1.7 8.5 225.17 23145 348.42 0.4
347.92 1.3 8.5 225.22 23812 348.52 0.6
353.64 0.7 6.75 228.07 24121 354.24 0
353.74 0.5 6.75 228.12 23962 354.34 0.1
353.84 0.4 6.75 228.17 24219 354.44 0.2
353.95 0.4 6.75 228.22 24321 354.55 0.2
354.05 0.4 6.75 228.27 24241 354.65 0.2
354.15 0.3 6.75 228.32 23834 354.75 0.1
354.25 0.3 6.75 228.37 23947 354.85 0.1
348.72 1.2 8.5 225.62 23691 349.32 0.3
348.82 1.4 8.5 225.67 24104 349.42 0.5
348.92 1.6 8.5 225.72 23018 349.52 0.6
349.02 1.6 8.5 225.77 23691 349.62 0.5
349.12 1.6 8.5 225.82 24098 349.72 0.4
349.22 1.5 8.5 225.87 24725 349.82 0.4
349.32 1.4 8.5 225.92 23863 349.92 0.6
349.42 1.4 8.5 225.97 23955 350.02 0.7
349.52 1.5 8.5 226.02 24775 350.12 0.9
349.62 1.5 8.5 226.07 24285 350.22 0.8
349.72 1.3 8.5 226.12 24620 350.32 1
349.82 1.3 8.5 226.17 24437 350.42 1.1
349.92 1.3 8.5 226.22 23813 350.52 1.3
350.02 1.2 6.75 226.27 24130 350.62 1.6
350.12 1.4 6.75 226.32 23825 350.72 2.2
350.22 1.4 6.75 226.37 23594 350.82 2.3
350.32 1.6 6.75 226.42 23943 350.92 1.8
350.42 1.7 6.75 226.47 23988 351.02 1.1
350.52 2.1 6.75 226.52 24587 351.12 0.7
350.62 2.4 6.75 226.57 24068 351.22 0.2
350.72 2.5 6.75 226.62 24000 351.32 0.2
350.82 2.3 6.75 226.67 24558 351.42 0.2
350.92 2.2 6.75 226.72 24983 351.52 0.3
351.02 2.7 6.75 226.77 24236 351.62 0.7
351.12 3.4 6.75 226.82 24900 351.72 0.7
351.22 3.7 6.75 226.87 24326 351.82 0.6
351.32 3.1 6.75 226.92 23586 351.92 0.6
351.42 2.3 6.75 226.97 23952 352.02 0.4
351.52 2.4 6.75 227.02 23364 352.12 0.2
351.62 2.3 6.75 227.07 24434 352.22 0.2
351.72 2.1 6.75 227.12 23863 352.32 0.1
351.82 2.2 6.75 227.17 23886 352.42 0.1
351.93 2.1 6.75 227.22 23212 352.53 0.1
352.03 1.9 6.75 227.27 23808 352.63 0.1
352.13 1.6 6.75 227.32 25151 352.73 0
352.23 0.9 6.75 227.37 25554 352.83 0
352.33 0.4 6.75 227.42 25150 352.93 0
352.43 0.3 6.75 227.47 24750 353.03 0.2
352.53 0.2 6.75 227.52 24121 353.13 0.2
352.63 0.2 6.75 227.57 24471 353.23 0.2
352.73 0.5 6.75 227.62 23825 353.33 0.2
352.83 0.7 6.75 227.67 23901 353.43 0.2
352.94 0.6 6.75 227.72 23929 353.54 0.1
353.04 0.5 6.75 227.77 23955 353.64 0.1
353.14 0.2 6.75 227.82 24140 353.74 0
353.24 0.2 6.75 227.87 24459 353.84 0
353.34 0.4 6.75 227.92 24492 353.94 0
353.44 0.7 6.75 227.97 24174 354.04 0
353.54 0.9 6.75 228.02 23658 354.14 0
359.3 0.1 11 230.87 23530 359.9 0
359.4 -0.1 11 230.92 23691 360 0.1
359.5 -0.2 11 230.97 23616 360.1 0.2
359.6 -0.1 11 231.02 23376 360.2 0.1
359.7 -0.1 11 231.07 23390 360.3 0.1
359.8 -0.1 11 231.12 23754 360.4 0.2
359.91 -0.1 11 231.17 23349 360.51 0.1
354.35 0.3 6.75 228.42 23281 354.95 0.1
354.45 0.2 6.75 228.47 23896 355.05 0
354.55 0.2 6.75 228.52 24211 355.15 0
354.65 0.2 6.75 228.57 23938 355.25 -0.1
354.75 0.3 6.75 228.62 23898 355.35 -0.1
354.85 0.2 6.75 228.67 24169 355.45 -0.1
354.96 0.2 6.75 228.72 23627 355.56 0.1
355.06 0.5 6.75 228.77 24005 355.66 0.2
355.16 0.5 6.75 228.82 23621 355.76 0.1
355.26 0.4 6.75 228.87 23857 355.86 0.1
355.36 0.2 6.75 228.92 23650 355.96 0.1
355.46 0.1 6.75 228.97 23046 356.06 0
355.56 0.2 6.75 229.02 23982 356.16 0.1
355.66 0.2 6.75 229.07 24132 356.26 0.1
355.76 0.3 6.75 229.12 23888 356.36 0.2
355.86 0.3 6.5 229.17 23993 356.46 0.2
355.97 0.3 6.5 229.22 24987 356.57 0.3
356.07 0.4 6.5 229.27 23761 356.67 0.2
356.17 0.3 6.5 229.32 23143 356.77 0.3
356.27 0.3 6.5 229.37 23561 356.87 0.6
356.37 0.3 6.5 229.42 24831 356.97 0.8
356.47 0.3 6.5 229.47 23775 357.07 0.5
356.57 0.3 6.5 229.52 24354 357.17 0.4
356.67 0.1 6.5 229.57 23326 357.27 0.6
356.77 0.1 6.5 229.62 23549 357.37 0.8
356.88 0.1 6.5 229.67 23574 357.48 0.4
356.98 0.2 6.5 229.72 23133 357.58 0.1
357.08 0.2 6.5 229.77 23500 357.68 0
357.18 0.3 6.5 229.82 23840 357.78 0.1
357.28 0.6 6.5 229.87 23514 357.88 0.1
357.38 0.4 6.5 229.92 24655 357.98 0.2
357.48 0.3 6.5 229.97 23912 358.08 0.2
357.58 0.3 6.5 230.02 23347 358.18 0.2
357.68 0.4 6.5 230.07 24552 358.28 0.3
357.78 0.5 6.5 230.12 23922 358.38 0.3
357.89 0.5 6.5 230.17 23581 358.49 0.2
357.99 0.4 6.5 230.22 23237 358.59 0.2
358.09 0.4 6.5 230.27 24031 358.69 0.1
358.19 0.3 6.5 230.32 23616 358.79 0.2
358.29 0.3 6.5 230.37 24144 358.89 0.2
358.39 0.3 6.5 230.42 23937 358.99 0.2
358.49 0.3 6.5 230.47 23230 359.09 0.3
358.59 0.4 6.5 230.52 23333 359.19 0.2
358.69 0.4 6.5 230.57 24155 359.29 0.2
358.79 0.5 6.5 230.62 23598 359.39 0.1
358.9 0.3 6.5 230.67 23463 359.5 0.1
359 0.2 6.5 230.72 23962 359.6 0
359.1 0.2 11 230.77 24044 359.7 0.1
359.2 0.1 11 230.82 24195 359.8 0
364.92 0.1 11 233.67 23659 365.52 0.2
365.02 0 11 233.72 23983 365.62 0.2
365.12 0 11 233.77 24071 365.72 0.2
365.22 0 11 233.82 23597 365.82 0.2
365.32 0.1 11 233.87 24516 365.92 0.1
365.42 0.2 11 233.92 24505 366.02 0.1
365.52 0.1 11 233.97 24613 366.12 0
360.01 0 11 231.22 23911 360.61 0.1
360.11 0.2 11 231.27 23894 360.71 0
360.21 0.3 11 231.32 23578 360.81 0
360.31 0.4 11 231.37 23653 360.91 0
360.41 0.3 11 231.42 24069 361.01 0.1
360.51 0.2 11 231.47 23901 361.11 0
360.61 0.1 11 231.52 23838 361.21 0.1
360.71 0 11 231.57 24528 361.31 0.2
360.81 0.1 11 231.62 24146 361.41 0.2
360.92 0.1 11 231.67 23897 361.52 0.1
361.02 0.1 11 231.72 23781 361.62 0.1
361.12 0.2 11 231.77 23646 361.72 0
361.22 0.3 11 231.82 23588 361.82 0
361.32 0.3 11 231.87 23690 361.92 0.1
361.42 0 11 231.92 23798 362.02 0
361.52 0 11 231.97 24362 362.12 -0.1
361.62 0 11 232.02 23538 362.22 0
361.72 0.1 11 232.07 23737 362.32 0.1
361.82 0.3 11 232.12 23837 362.42 0.1
361.92 0.2 11 232.17 24422 362.52 0.1
362.02 0.2 11 232.22 23583 362.62 0.1
362.12 0.1 11 232.27 24233 362.72 0.1
362.22 0.1 11 232.32 23836 362.82 0.1
362.32 0.3 11 232.37 23573 362.92 0
362.42 0.4 11 232.42 24273 363.02 -0.1
362.52 0.4 11 232.47 23736 363.12 -0.1
362.62 0.1 11 232.52 23897 363.22 0
362.72 0.2 11 232.57 23881 363.32 0.1
362.82 0.1 11 232.62 24066 363.42 0.1
362.92 0 11 232.67 23808 363.52 0.1
363.02 0 11 232.72 23831 363.62 0.1
363.12 0 11 232.77 23682 363.72 0.1
363.22 0 11 232.82 24017 363.82 0.1
363.32 0.1 11 232.87 24432 363.92 0
363.42 0.3 11 232.92 24042 364.02 0
363.52 0.1 11 232.97 24271 364.12 -0.1
363.62 0 11 233.02 24295 364.22 0
363.72 0.1 11 233.07 23874 364.32 -0.1
363.82 0.1 11 233.12 23737 364.42 0
363.92 0 11 233.17 24131 364.52 0.1
364.02 0 11 233.22 24507 364.62 0.2
364.12 0 11 233.27 24510 364.72 0.1
364.22 0 11 233.32 24421 364.82 0.1
364.32 0 11 233.37 23940 364.92 0
364.42 0.3 11 233.42 23643 365.02 0.1
364.52 0.6 11 233.47 24286 365.12 0
364.62 0.4 11 233.52 23742 365.22 0
364.72 0.3 11 233.57 23576 365.32 0
364.82 0.2 11 233.62 23638 365.42 0
370.42 0.1 11 236.42 23880 371.02 0.2
370.52 0 11 236.47 22939 371.12 0.2
370.62 0.1 11 236.52 23758 371.22 0.1
370.72 0.1 11 236.57 23433 371.32 0.1
370.82 0.1 11 236.62 23407 371.42 0.1
370.92 0.1 11 236.67 22943 371.52 0
371.02 0 11 236.72 23568 371.62 0
371.12 0 11 236.77 23736 371.72 0
365.62 0.2 11 234.02 23864 366.22 -0.1
365.72 0.1 11 234.07 23857 366.32 -0.1
365.82 0.3 11 234.12 23451 366.42 -0.1
365.92 0.2 11 234.17 24230 366.52 -0.1
366.02 0 11 234.22 24486 366.62 0
366.12 0.1 11 234.27 24130 366.72 0.1
366.22 0.2 11 234.32 23703 366.82 0.2
366.32 0.3 11 234.37 24005 366.92 0
366.42 0.4 11 234.42 23584 367.02 0
366.52 0.7 11 234.47 24405 367.12 0
366.62 0.7 11 234.52 23887 367.22 0
366.72 1.1 11 234.57 24758 367.32 0
366.82 0.6 11 234.62 23989 367.42 -0.1
366.92 0.8 11 234.67 23142 367.52 -0.1
367.02 0.6 11 234.72 24049 367.62 -0.1
367.12 0.4 11 234.77 23810 367.72 0.1
367.22 0.5 11 234.82 23936 367.82 0.2
367.32 0.5 11 234.87 24155 367.92 0.1
367.42 0.5 11 234.92 23610 368.02 0.1
367.52 0.6 11 234.97 23409 368.12 0.1
367.62 0.6 11 235.02 23897 368.22 0.1
367.72 0.5 11 235.07 24064 368.32 0.1
367.82 0.4 11 235.12 23530 368.42 0
367.92 0.4 11 235.17 23545 368.52 0
368.02 0.4 11 235.22 24389 368.62 -0.1
368.12 0.4 11 235.27 23522 368.72 0
368.22 0.3 11 235.32 24075 368.82 0
368.32 0.2 11 235.37 23774 368.92 0.1
368.42 0.3 11 235.42 23745 369.02 0.1
368.52 0.3 11 235.47 23783 369.12 0.1
368.62 0.2 11 235.52 23609 369.22 0.1
368.72 0.1 11 235.57 23876 369.32 0.1
368.82 0.3 11 235.62 24032 369.42 0.1
368.92 0.4 11 235.67 24085 369.52 0
369.02 0.3 11 235.72 23928 369.62 -0.1
369.12 0.2 11 235.77 23439 369.72 -0.1
369.22 0.1 11 235.82 23857 369.82 0.1
369.32 0.1 11 235.87 23962 369.92 0.1
369.42 0.2 11 235.92 24000 370.02 0.1
369.52 0.2 11 235.97 23782 370.12 0.1
369.62 0.2 11 236.02 23803 370.22 0.2
369.72 0.1 11 236.07 24084 370.32 0.1
369.82 0.2 11 236.12 24071 370.42 0.1
369.92 0.6 11 236.17 24372 370.52 0
370.02 0.3 11 236.22 23740 370.62 0
370.12 0.3 11 236.27 23552 370.72 -0.1
370.22 0.1 11 236.32 24115 370.82 0.1
370.32 0.1 11 236.37 23447 370.92 0.2
376.26 0 11 239.22 23902 376.86 0.1
376.37 0 11 239.27 23623 376.97 0
376.48 0 11 239.32 23717 377.08 0.1
376.58 0 11 239.37 23622 377.18 0.1
376.69 0 11 239.42 24387 377.29 0.1
376.79 0 11 239.47 23474 377.39 0
376.9 0 11 239.52 24092 377.5 0
377 0 11 239.57 24100 377.6 0
371.22 0 11 236.82 23881 371.82 0.1
371.32 0.1 11 236.87 23864 371.92 0.2
371.42 0.2 11 236.92 23824 372.02 0.2
371.53 0.2 11 236.97 23457 372.13 0.2
371.63 0.2 11 237.02 23755 372.23 0.1
371.74 0 11 237.07 23170 372.34 0
371.84 0.1 11 237.12 23242 372.44 -0.1
371.95 -0.1 11 237.17 23333 372.55 -0.1
372.05 0 11 237.22 24048 372.65 -0.1
372.16 0.1 11 237.27 23837 372.76 -0.1
372.26 0 11 237.32 23505 372.86 -0.1
372.37 0 11 237.37 23953 372.97 0.1
372.48 0.1 11 237.42 24726 373.08 0.1
372.58 0.1 11 237.47 23472 373.18 0.1
372.69 0.1 11 237.52 23860 373.29 0.2
372.79 0.1 11 237.57 23580 373.39 0.1
372.9 0.3 11 237.62 23420 373.5 0
373 0.6 11 237.67 23752 373.6 0.1
373.11 0.7 11 237.72 23741 373.71 -0.1
373.21 0.4 11 237.77 23122 373.81 -0.2
373.32 0.3 11 237.82 23447 373.92 -0.1
373.42 0.3 11 237.87 23905 374.02 0
373.53 0.4 11 237.92 23950 374.13 0.1
373.63 0.3 11 237.97 23737 374.23 0
373.74 0.2 11 238.02 23577 374.34 0.1
373.84 0.3 11 238.07 23461 374.44 0
373.95 0.6 11 238.12 23703 374.55 0
374.05 0.7 11 238.17 23488 374.65 0
374.16 0.4 11 238.22 23440 374.76 -0.1
374.26 0.3 11 238.27 23714 374.86 -0.1
374.37 0.2 11 238.32 23752 374.97 0.1
374.48 0.2 11 238.37 23825 375.08 0.1
374.58 0.1 11 238.42 23445 375.18 0.1
374.69 0 11 238.47 23818 375.29 0.1
374.79 0.1 11 238.52 23993 375.39 0
374.9 0.2 11 238.57 23589 375.5 0
375 0.4 11 238.62 23759 375.6 -0.1
375.11 0.4 11 238.67 24243 375.71 -0.1
375.21 0.3 11 238.72 24575 375.81 -0.1
375.32 0.2 11 238.77 23744 375.92 -0.1
375.42 0.1 11 238.82 23872 376.02 0.1
375.53 0.2 11 238.87 23697 376.13 0.1
375.63 0.2 11 238.92 23261 376.23 0.1
375.74 0.2 11 238.97 24301 376.34 0.1
375.84 0.1 11 239.02 23795 376.44 0.1
375.95 0 11 239.07 23383 376.55 0.1
376.05 0 11 239.12 23477 376.65 0.1












239.62 24007 377.71 0
239.67 24277 377.81 0
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































APPENDIX 5B : OMS-LOGG
          BSD59     
/ x3 METHOD:        SUSCEPTIBILITY mV
/ x8       DEPTH-1  DEPHT-2       VALUE
BSD59       198.82   198.92        -1.3
BSD59       198.92   199.02         0.3
BSD59       199.02   199.12         0.3
BSD59       199.12   199.22         0.4
BSD59       199.22   199.33         0.5
BSD59       199.33   199.43         0.6
BSD59       199.43   199.53         0.5
BSD59       199.53   199.63         0.4
BSD59       199.63   199.73         0.4
BSD59       199.73   199.83         0.5
BSD59       199.83   199.93         0.6
BSD59       199.93   200.03         0.6
BSD59       200.03   200.13         0.6
BSD59       200.13   200.23         0.7
BSD59       200.23   200.34         0.7
BSD59       200.34   200.44         0.6
BSD59       200.44   200.54         0.6
BSD59       200.54   200.64         0.6
BSD59       200.64   200.74         0.6
BSD59       200.74   200.84         0.6
BSD59       200.84   200.94         0.6
BSD59       200.94   201.04         0.8
BSD59       201.04   201.14         1.0
BSD59       201.14   201.24         1.2
BSD59       201.24   201.35         1.3
BSD59       201.35   201.45         1.4
BSD59       201.45   201.55         1.4
BSD59       201.55   201.65         1.2
BSD59       201.65   201.75         1.0
BSD59       201.75   201.85         0.8
BSD59       201.85   201.95         0.7
BSD59       201.95   202.05         0.7
BSD59       202.05   202.15         0.7
BSD59       202.15   202.25         0.7
BSD59       202.25   202.36         0.6
BSD59       202.36   202.46         0.6
BSD59       202.46   202.56         0.6
BSD59       202.56   202.66         0.6
BSD59       202.66   202.76         0.6
BSD59       202.76   202.86         0.6
BSD59       202.86   202.96         0.7
BSD59       202.96   203.06         0.7
BSD59       203.06   203.16         0.7
BSD59       203.16   203.26         0.7
BSD59       203.26   203.37         0.7
BSD59       203.37   203.47         0.7
BSD59       203.47   203.57         0.6
BSD59       203.57   203.67         0.6
BSD59       203.67   203.77         0.6
BSD59       203.77   203.87         0.6
BSD59       203.87   203.97         0.6
BSD59       203.97   204.07         0.6
BSD59       204.07   204.17         0.5
BSD59       204.17   204.28         0.5
BSD59       204.28   204.38         0.6
BSD59       204.38   204.48         0.6
BSD59       204.48   204.58         0.6
BSD59       204.58   204.68         0.6
BSD59       204.68   204.78         0.6
BSD59       204.78   204.88         0.6
BSD59       204.88   204.98         0.6
BSD59       204.98   205.08         0.7
BSD59       205.08   205.18         0.8
BSD59       205.18   205.29         0.9
BSD59       205.29   205.39         0.8
BSD59       205.39   205.49         0.9
BSD59       205.49   205.59         0.9
BSD59       205.59   205.69         0.9
BSD59       205.69   205.79         0.9
BSD59       205.79   205.89         0.9
BSD59       205.89   205.99         0.9
BSD59       205.99   206.09         0.9
BSD59       206.09   206.19         0.8
BSD59       206.19   206.30         0.8
BSD59       206.30   206.40         1.0
BSD59       206.40   206.50         1.2
BSD59       206.50   206.60         1.1
BSD59       206.60   206.70         1.1
BSD59       206.70   206.80         1.1
BSD59       206.80   206.90         1.0
BSD59       206.90   207.00         0.9
BSD59       207.00   207.10         1.1
BSD59       207.10   207.20         1.1
BSD59       207.20   207.31         1.0
BSD59       207.31   207.41         1.0
BSD59       207.41   207.51         1.0
BSD59       207.51   207.61         1.0
BSD59       207.61   207.71         1.1
BSD59       207.71   207.81         1.1
BSD59       207.81   207.91         1.1
BSD59       207.91   208.01         1.2
BSD59       208.01   208.11         1.2
BSD59       208.11   208.21         1.1
BSD59       208.21   208.32         1.3
BSD59       208.32   208.42         1.4
BSD59       208.42   208.52         1.6
BSD59       208.52   208.62         1.5
BSD59       208.62   208.72         1.6
BSD59       208.72   208.82         1.9
BSD59       208.82   208.92         1.8
BSD59       208.92   209.02         1.7
BSD59       209.02   209.12         1.5
BSD59       209.12   209.22         1.4
BSD59       209.22   209.32         1.2
BSD59       209.32   209.42         1.1
BSD59       209.42   209.52         1.1
BSD59       209.52   209.62         1.0
BSD59       209.62   209.72         1.0
BSD59       209.72   209.82         1.0
BSD59       209.82   209.92         0.9
BSD59       209.92   210.02         0.9
BSD59       210.02   210.12         1.0
BSD59       210.12   210.22         1.1
BSD59       210.22   210.32         1.1
BSD59       210.32   210.42         1.0
BSD59       210.42   210.52         1.0
BSD59       210.52   210.62         0.9
BSD59       210.62   210.72         0.9
BSD59       210.72   210.82         0.9
BSD59       210.82   210.92         0.8
BSD59       210.92   211.02         0.8
BSD59       211.02   211.12         0.7
BSD59       211.12   211.22         0.6
BSD59       211.22   211.32         0.7
BSD59       211.32   211.42         0.8
BSD59       211.42   211.52         0.8
BSD59       211.52   211.62         0.7
BSD59       211.62   211.72         0.8
BSD59       211.72   211.82         1.0
BSD59       211.82   211.92         1.0
BSD59       211.92   212.02         0.9
BSD59       212.02   212.12         0.8
BSD59       212.12   212.22         0.7
BSD59       212.22   212.32         0.7
BSD59       212.32   212.42         0.6
BSD59       212.42   212.52         0.6
BSD59       212.52   212.62         0.6
BSD59       212.62   212.72         0.6
BSD59       212.72   212.82         0.6
BSD59       212.82   212.92         0.6
BSD59       212.92   213.02         0.6
BSD59       213.02   213.12         0.5
BSD59       213.12   213.22         0.4
BSD59       213.22   213.32         0.4
BSD59       213.32   213.42         0.5
BSD59       213.42   213.52         0.6
BSD59       213.52   213.62         0.7
BSD59       213.62   213.72         0.7
BSD59       213.72   213.82         0.7
BSD59       213.82   213.92         0.8
BSD59       213.92   214.02         0.7
BSD59       214.02   214.12         0.7
BSD59       214.12   214.22         0.6
BSD59       214.22   214.32         0.6
BSD59       214.32   214.42         0.6
BSD59       214.42   214.52         0.7
BSD59       214.52   214.62         0.7
BSD59       214.62   214.72         0.7
BSD59       214.72   214.82         0.8
BSD59       214.82   214.92         0.9
BSD59       214.92   215.02         0.9
BSD59       215.02   215.12         1.0
BSD59       215.12   215.22         1.2
BSD59       215.22   215.32         1.3
BSD59       220.82   220.92         1.2
BSD59       215.32   215.42         1.2
BSD59       215.42   215.52         1.3
BSD59       215.52   215.62         0.9
BSD59       215.62   215.72         0.6
BSD59       215.72   215.82         0.6
BSD59       215.82   215.92         0.6
BSD59       215.92   216.02         0.7
BSD59       216.02   216.12         0.9
BSD59       216.12   216.22         0.9
BSD59       216.22   216.32         0.7
BSD59       216.32   216.42         0.7
BSD59       216.42   216.52         0.7
BSD59       216.52   216.62         0.7
BSD59       216.62   216.72         0.6
BSD59       216.72   216.82         0.7
BSD59       216.82   216.92         0.8
BSD59       216.92   217.02         0.9
BSD59       217.02   217.12         0.9
BSD59       217.12   217.22         0.6
BSD59       217.22   217.32         0.7
BSD59       217.32   217.42         0.9
BSD59       217.42   217.52         1.0
BSD59       217.52   217.62         0.6
BSD59       217.62   217.72         0.6
BSD59       217.72   217.82         0.7
BSD59       217.82   217.92         0.8
BSD59       217.92   218.02         0.8
BSD59       218.02   218.12         0.8
BSD59       218.12   218.22         0.9
BSD59       218.22   218.32         1.3
BSD59       218.32   218.42         1.5
BSD59       218.42   218.52         1.4
BSD59       218.52   218.62         1.2
BSD59       218.62   218.72         1.1
BSD59       218.72   218.82         1.1
BSD59       218.82   218.92         0.9
BSD59       218.92   219.02         0.8
BSD59       219.02   219.12         0.8
BSD59       219.12   219.22         0.8
BSD59       219.22   219.32         0.9
BSD59       219.32   219.42         0.9
BSD59       219.42   219.52         1.1
BSD59       219.52   219.62         1.1
BSD59       219.62   219.72         1.0
BSD59       219.72   219.82         1.2
BSD59       219.82   219.92         1.2
BSD59       219.92   220.02         1.1
BSD59       220.02   220.12         1.1
BSD59       220.12   220.22         1.3
BSD59       220.22   220.32         1.4
BSD59       220.32   220.42         1.6
BSD59       220.42   220.52         1.6
BSD59       220.52   220.62         1.4
BSD59       220.62   220.72         1.2
BSD59       220.72   220.82         1.1
BSD59       226.42   226.52         1.1
BSD59       220.92   221.02         1.2
BSD59       221.02   221.12         1.3
BSD59       221.12   221.22         1.3
BSD59       221.22   221.32         1.3
BSD59       221.32   221.42         1.0
BSD59       221.42   221.52         1.0
BSD59       221.52   221.62         0.9
BSD59       221.62   221.72         0.9
BSD59       221.72   221.82         1.2
BSD59       221.82   221.92         1.1
BSD59       221.92   222.02         1.1
BSD59       222.02   222.12         1.1
BSD59       222.12   222.22         1.0
BSD59       222.22   222.32         1.0
BSD59       222.32   222.42         0.9
BSD59       222.42   222.52         0.8
BSD59       222.52   222.62         0.8
BSD59       222.62   222.72         0.7
BSD59       222.72   222.82         0.7
BSD59       222.82   222.92         0.8
BSD59       222.92   223.02         1.1
BSD59       223.02   223.12         0.8
BSD59       223.12   223.22         0.8
BSD59       223.22   223.32         1.0
BSD59       223.32   223.42         1.0
BSD59       223.42   223.52         0.5
BSD59       223.52   223.62         0.4
BSD59       223.62   223.72         0.4
BSD59       223.72   223.82         0.5
BSD59       223.82   223.92         0.4
BSD59       223.92   224.02         0.3
BSD59       224.02   224.12         0.3
BSD59       224.12   224.22         0.2
BSD59       224.22   224.32         0.2
BSD59       224.32   224.42         0.1
BSD59       224.42   224.52         0.1
BSD59       224.52   224.62         0.1
BSD59       224.62   224.72         0.2
BSD59       224.72   224.82         0.4
BSD59       224.82   224.92         0.5
BSD59       224.92   225.02         0.4
BSD59       225.02   225.12         0.4
BSD59       225.12   225.22         0.4
BSD59       225.22   225.32         0.3
BSD59       225.32   225.42         0.3
BSD59       225.42   225.52         0.3
BSD59       225.52   225.62         0.3
BSD59       225.62   225.72         0.2
BSD59       225.72   225.82         0.3
BSD59       225.82   225.92         0.5
BSD59       225.92   226.02         0.4
BSD59       226.02   226.12         0.3
BSD59       226.12   226.22         0.3
BSD59       226.22   226.32         0.6
BSD59       226.32   226.42         1.0
BSD59       232.02   232.12         1.3
BSD59       226.52   226.62         1.3
BSD59       226.62   226.72         1.4
BSD59       226.72   226.82         1.3
BSD59       226.82   226.92         1.4
BSD59       226.92   227.02         1.6
BSD59       227.02   227.12         1.6
BSD59       227.12   227.22         1.7
BSD59       227.22   227.32         1.6
BSD59       227.32   227.42         1.5
BSD59       227.42   227.52         1.4
BSD59       227.52   227.62         1.2
BSD59       227.62   227.72         1.1
BSD59       227.72   227.82         1.1
BSD59       227.82   227.92         1.2
BSD59       227.92   228.02         1.3
BSD59       228.02   228.12         1.2
BSD59       228.12   228.22         1.2
BSD59       228.22   228.32         1.2
BSD59       228.32   228.42         1.2
BSD59       228.42   228.52         1.2
BSD59       228.52   228.62         1.3
BSD59       228.62   228.72         1.2
BSD59       228.72   228.82         1.2
BSD59       228.82   228.92         1.1
BSD59       228.92   229.02         1.1
BSD59       229.02   229.12         1.2
BSD59       229.12   229.22         1.2
BSD59       229.22   229.32         1.2
BSD59       229.32   229.42         1.3
BSD59       229.42   229.52         1.5
BSD59       229.52   229.62         1.6
BSD59       229.62   229.72         1.5
BSD59       229.72   229.82         1.4
BSD59       229.82   229.92         1.3
BSD59       229.92   230.02         1.3
BSD59       230.02   230.12         1.3
BSD59       230.12   230.22         1.3
BSD59       230.22   230.32         1.2
BSD59       230.32   230.42         1.3
BSD59       230.42   230.52         1.3
BSD59       230.52   230.62         1.4
BSD59       230.62   230.72         1.4
BSD59       230.72   230.82         1.3
BSD59       230.82   230.92         1.2
BSD59       230.92   231.02         1.3
BSD59       231.02   231.12         1.3
BSD59       231.12   231.22         1.3
BSD59       231.22   231.32         1.3
BSD59       231.32   231.42         1.3
BSD59       231.42   231.52         1.4
BSD59       231.52   231.62         1.6
BSD59       231.62   231.72         1.7
BSD59       231.72   231.82         1.6
BSD59       231.82   231.92         1.6
BSD59       231.92   232.02         1.4
BSD59       237.62   237.72         2.0
BSD59       232.12   232.22         1.2
BSD59       232.22   232.32         1.1
BSD59       232.32   232.42         1.2
BSD59       232.42   232.52         1.1
BSD59       232.52   232.62         1.0
BSD59       232.62   232.72         1.0
BSD59       232.72   232.82         1.0
BSD59       232.82   232.92         1.0
BSD59       232.92   233.02         1.2
BSD59       233.02   233.12         1.4
BSD59       233.12   233.22         1.5
BSD59       233.22   233.32         1.6
BSD59       233.32   233.42         1.5
BSD59       233.42   233.52         1.3
BSD59       233.52   233.62         1.3
BSD59       233.62   233.72         1.2
BSD59       233.72   233.82         1.2
BSD59       233.82   233.92         1.3
BSD59       233.92   234.02         1.4
BSD59       234.02   234.12         1.4
BSD59       234.12   234.22         1.4
BSD59       234.22   234.32         1.4
BSD59       234.32   234.42         1.6
BSD59       234.42   234.52         1.5
BSD59       234.52   234.62         1.2
BSD59       234.62   234.72         1.2
BSD59       234.72   234.82         1.4
BSD59       234.82   234.92         1.3
BSD59       234.92   235.02         1.0
BSD59       235.02   235.12         1.0
BSD59       235.12   235.22         1.3
BSD59       235.22   235.32         1.4
BSD59       235.32   235.42         1.5
BSD59       235.42   235.52         1.2
BSD59       235.52   235.62         1.2
BSD59       235.62   235.72         1.6
BSD59       235.72   235.82         1.8
BSD59       235.82   235.92         1.4
BSD59       235.92   236.02         1.2
BSD59       236.02   236.12         1.3
BSD59       236.12   236.22         1.6
BSD59       236.22   236.32         1.5
BSD59       236.32   236.42         1.4
BSD59       236.42   236.52         1.6
BSD59       236.52   236.62         1.8
BSD59       236.62   236.72         1.8
BSD59       236.72   236.82         1.6
BSD59       236.82   236.92         1.5
BSD59       236.92   237.02         1.7
BSD59       237.02   237.12         1.9
BSD59       237.12   237.22         1.9
BSD59       237.22   237.32         1.9
BSD59       237.32   237.42         1.8
BSD59       237.42   237.52         1.7
BSD59       237.52   237.62         1.8
BSD59       243.22   243.32        41.1
BSD59       237.72   237.82         2.5
BSD59       237.82   237.92         3.0
BSD59       237.92   238.02         3.1
BSD59       238.02   238.12         2.8
BSD59       238.12   238.22         2.4
BSD59       238.22   238.32         2.4
BSD59       238.32   238.42         2.4
BSD59       238.42   238.52         2.4
BSD59       238.52   238.62         2.4
BSD59       238.62   238.72         2.3
BSD59       238.72   238.82         1.9
BSD59       238.82   238.92         1.6
BSD59       238.92   239.02         1.8
BSD59       239.02   239.12         1.9
BSD59       239.12   239.22         2.5
BSD59       239.22   239.32         4.8
BSD59       239.32   239.42         5.5
BSD59       239.42   239.52         5.3
BSD59       239.52   239.62         4.4
BSD59       239.62   239.72         2.4
BSD59       239.72   239.82         2.4
BSD59       239.82   239.92         2.5
BSD59       239.92   240.02         2.3
BSD59       240.02   240.12         3.2
BSD59       240.12   240.22         4.3
BSD59       240.22   240.32         5.0
BSD59       240.32   240.42         5.9
BSD59       240.42   240.52         5.9
BSD59       240.52   240.62         4.5
BSD59       240.62   240.72         4.8
BSD59       240.72   240.82         5.0
BSD59       240.82   240.92         5.0
BSD59       240.92   241.02         7.2
BSD59       241.02   241.12        10.1
BSD59       241.12   241.22        11.8
BSD59       241.22   241.32        13.0
BSD59       241.32   241.42        11.4
BSD59       241.42   241.52        13.0
BSD59       241.52   241.62        14.7
BSD59       241.62   241.72        18.5
BSD59       241.72   241.82        18.8
BSD59       241.82   241.92        18.0
BSD59       241.92   242.02        19.1
BSD59       242.02   242.12        18.0
BSD59       242.12   242.22        19.5
BSD59       242.22   242.32        22.1
BSD59       242.32   242.42        24.7
BSD59       242.42   242.52        34.3
BSD59       242.52   242.62        38.9
BSD59       242.62   242.72        30.2
BSD59       242.72   242.82        30.5
BSD59       242.82   242.92        27.7
BSD59       242.92   243.02        25.2
BSD59       243.02   243.12        31.6
BSD59       243.12   243.22        36.0
BSD59       248.82   248.92        51.1
BSD59       243.32   243.42        43.6
BSD59       243.42   243.52        43.6
BSD59       243.52   243.62        42.2
BSD59       243.62   243.72        28.2
BSD59       243.72   243.82        26.4
BSD59       243.82   243.92        33.2
BSD59       243.92   244.02        35.9
BSD59       244.02   244.12        31.8
BSD59       244.12   244.22        21.6
BSD59       244.22   244.32         9.1
BSD59       244.32   244.42         6.8
BSD59       244.42   244.52         9.0
BSD59       244.52   244.62        14.9
BSD59       244.62   244.72        15.8
BSD59       244.72   244.82        11.4
BSD59       244.82   244.92         8.2
BSD59       244.92   245.02        12.5
BSD59       245.02   245.12        19.1
BSD59       245.12   245.22        17.6
BSD59       245.22   245.32        16.8
BSD59       245.32   245.42        19.9
BSD59       245.42   245.52        12.1
BSD59       245.52   245.62         8.1
BSD59       245.62   245.72         8.8
BSD59       245.72   245.82         5.1
BSD59       245.82   245.92         6.9
BSD59       245.92   246.02        17.0
BSD59       246.02   246.12        12.9
BSD59       246.12   246.22        35.0
BSD59       246.22   246.32        36.4
BSD59       246.32   246.42        37.4
BSD59       246.42   246.52        44.6
BSD59       246.52   246.62        42.4
BSD59       246.62   246.72        56.2
BSD59       246.72   246.82        62.0
BSD59       246.82   246.92        58.2
BSD59       246.92   247.02        19.8
BSD59       247.02   247.12        14.3
BSD59       247.12   247.22        30.6
BSD59       247.22   247.32        30.1
BSD59       247.32   247.42        27.3
BSD59       247.42   247.52        29.5
BSD59       247.52   247.62        30.2
BSD59       247.62   247.72        25.1
BSD59       247.72   247.82        26.7
BSD59       247.82   247.92        28.8
BSD59       247.92   248.02        26.9
BSD59       248.02   248.12        28.9
BSD59       248.12   248.22        31.8
BSD59       248.22   248.32        60.9
BSD59       248.32   248.42       137.2
BSD59       248.42   248.52       139.4
BSD59       248.52   248.62        85.5
BSD59       248.62   248.72        58.3
BSD59       248.72   248.82        69.5
BSD59       254.27   254.36        10.7
BSD59       254.36   254.46        12.2
BSD59       248.92   249.02        28.2
BSD59       249.02   249.12        22.3
BSD59       249.12   249.22        21.9
BSD59       249.22   249.31        20.4
BSD59       249.31   249.41         9.0
BSD59       249.41   249.51         8.2
BSD59       249.51   249.61         9.0
BSD59       249.61   249.71         8.9
BSD59       249.71   249.81         9.2
BSD59       249.81   249.91        10.0
BSD59       249.91   250.01        11.4
BSD59       250.01   250.11        11.8
BSD59       250.11   250.21        14.1
BSD59       250.21   250.30        17.9
BSD59       250.30   250.40        15.6
BSD59       250.40   250.50        13.2
BSD59       250.50   250.60        11.3
BSD59       250.60   250.70         6.1
BSD59       250.70   250.80        -1.7
BSD59       250.80   250.90        58.2
BSD59       250.90   251.00       161.2
BSD59       251.00   251.10        58.8
BSD59       251.10   251.20        35.9
BSD59       251.20   251.29        39.8
BSD59       251.29   251.39        31.5
BSD59       251.39   251.49        26.4
BSD59       251.49   251.59        28.0
BSD59       251.59   251.69        31.4
BSD59       251.69   251.79        33.5
BSD59       251.79   251.89        30.3
BSD59       251.89   251.99        21.8
BSD59       251.99   252.09        27.6
BSD59       252.09   252.19        45.6
BSD59       252.19   252.28        56.5
BSD59       252.28   252.38        53.1
BSD59       252.38   252.48        35.8
BSD59       252.48   252.58        18.5
BSD59       252.58   252.68        12.3
BSD59       252.68   252.78        10.7
BSD59       252.78   252.88         9.7
BSD59       252.88   252.98         9.1
BSD59       252.98   253.08         8.4
BSD59       253.08   253.18         8.3
BSD59       253.18   253.27         9.4
BSD59       253.27   253.37         9.0
BSD59       253.37   253.47        10.0
BSD59       253.47   253.57        11.3
BSD59       253.57   253.67        11.2
BSD59       253.67   253.77        10.9
BSD59       253.77   253.87        11.2
BSD59       253.87   253.97        11.4
BSD59       253.97   254.07        12.0
BSD59       254.07   254.17        11.4
BSD59       254.17   254.27        10.6
BSD59       259.83   259.93         4.1
BSD59       259.93   260.03         5.4
BSD59       254.46   254.56        12.1
BSD59       254.56   254.66        11.9
BSD59       254.66   254.76        11.4
BSD59       254.76   254.86         9.7
BSD59       254.86   254.96        12.9
BSD59       254.96   255.06        18.3
BSD59       255.06   255.16        18.7
BSD59       255.16   255.26        22.0
BSD59       255.26   255.35        33.5
BSD59       255.35   255.45        35.1
BSD59       255.45   255.55        36.4
BSD59       255.55   255.65        41.3
BSD59       255.65   255.75        40.8
BSD59       255.75   255.85        42.4
BSD59       255.85   255.95        55.6
BSD59       255.95   256.05        56.2
BSD59       256.05   256.15        60.5
BSD59       256.15   256.25        61.6
BSD59       256.25   256.34        58.9
BSD59       256.34   256.44        49.1
BSD59       256.44   256.54        56.1
BSD59       256.54   256.64        62.7
BSD59       256.64   256.74        64.1
BSD59       256.74   256.84        83.7
BSD59       256.84   256.94       117.8
BSD59       256.94   257.04       127.7
BSD59       257.04   257.14       114.5
BSD59       257.14   257.24        72.4
BSD59       257.24   257.33        59.3
BSD59       257.33   257.43        65.3
BSD59       257.43   257.53        61.1
BSD59       257.53   257.63        55.0
BSD59       257.63   257.73        58.2
BSD59       257.73   257.83        92.6
BSD59       257.83   257.93       115.8
BSD59       257.93   258.03        86.7
BSD59       258.03   258.13        60.3
BSD59       258.13   258.23        40.6
BSD59       258.23   258.32        37.8
BSD59       258.32   258.42        63.6
BSD59       258.42   258.52       118.9
BSD59       258.52   258.62       139.2
BSD59       258.62   258.72       125.8
BSD59       258.72   258.82        96.5
BSD59       258.82   258.92        79.8
BSD59       258.92   259.02       131.1
BSD59       259.02   259.12       127.1
BSD59       259.12   259.22        72.2
BSD59       259.22   259.33        16.1
BSD59       259.33   259.43        -1.5
BSD59       259.43   259.53        -4.2
BSD59       259.53   259.63        -1.9
BSD59       259.63   259.73         3.8
BSD59       259.73   259.83         4.7
BSD59       265.49   265.59         0.5
BSD59       265.59   265.69         0.5
BSD59       260.03   260.13         4.8
BSD59       260.13   260.23         4.9
BSD59       260.23   260.34         5.1
BSD59       260.34   260.44         4.4
BSD59       260.44   260.54         4.9
BSD59       260.54   260.64         6.1
BSD59       260.64   260.74         6.3
BSD59       260.74   260.84         3.6
BSD59       260.84   260.94         2.9
BSD59       260.94   261.04         3.4
BSD59       261.04   261.14         3.7
BSD59       261.14   261.24         3.6
BSD59       261.24   261.35         4.3
BSD59       261.35   261.45         5.1
BSD59       261.45   261.55         6.0
BSD59       261.55   261.65         5.9
BSD59       261.65   261.75         5.0
BSD59       261.75   261.85         2.3
BSD59       261.85   261.95         1.5
BSD59       261.95   262.05         1.9
BSD59       262.05   262.15         1.4
BSD59       262.15   262.25         1.1
BSD59       262.25   262.36         1.3
BSD59       262.36   262.46         1.6
BSD59       262.46   262.56         2.6
BSD59       262.56   262.66         1.5
BSD59       262.66   262.76         1.1
BSD59       262.76   262.86         1.3
BSD59       262.86   262.96         1.4
BSD59       262.96   263.06         1.3
BSD59       263.06   263.16         1.1
BSD59       263.16   263.26         0.5
BSD59       263.26   263.37         0.2
BSD59       263.37   263.47         0.8
BSD59       263.47   263.57         1.4
BSD59       263.57   263.67         1.6
BSD59       263.67   263.77         1.6
BSD59       263.77   263.87         1.1
BSD59       263.87   263.97         1.0
BSD59       263.97   264.07         0.9
BSD59       264.07   264.17         0.9
BSD59       264.17   264.28         0.7
BSD59       264.28   264.38         0.6
BSD59       264.38   264.48         0.6
BSD59       264.48   264.58         0.6
BSD59       264.58   264.68         0.7
BSD59       264.68   264.78         0.7
BSD59       264.78   264.88         0.6
BSD59       264.88   264.98         0.6
BSD59       264.98   265.08         0.5
BSD59       265.08   265.18         0.5
BSD59       265.18   265.29         0.6
BSD59       265.29   265.39         0.5
BSD59       265.39   265.49         0.4
BSD59       271.11   271.21         0.0
BSD59       271.21   271.31         0.0
BSD59       265.69   265.79         0.6
BSD59       265.79   265.89         0.7
BSD59       265.89   265.99         0.7
BSD59       265.99   266.09         0.9
BSD59       266.09   266.19         1.0
BSD59       266.19   266.30         1.0
BSD59       266.30   266.40         0.7
BSD59       266.40   266.50         0.5
BSD59       266.50   266.60         0.4
BSD59       266.60   266.70         0.4
BSD59       266.70   266.80         0.4
BSD59       266.80   266.90         0.4
BSD59       266.90   267.00         0.4
BSD59       267.00   267.10         0.4
BSD59       267.10   267.20         0.4
BSD59       267.20   267.31         0.4
BSD59       267.31   267.41         0.6
BSD59       267.41   267.51         0.5
BSD59       267.51   267.61         0.4
BSD59       267.61   267.71         0.3
BSD59       267.71   267.81         0.2
BSD59       267.81   267.91         0.2
BSD59       267.91   268.01         0.2
BSD59       268.01   268.11         0.2
BSD59       268.11   268.21         0.2
BSD59       268.21   268.32         0.3
BSD59       268.32   268.42         0.3
BSD59       268.42   268.52         0.2
BSD59       268.52   268.62         0.2
BSD59       268.62   268.72         0.2
BSD59       268.72   268.82         0.4
BSD59       268.82   268.92         0.3
BSD59       268.92   269.02         0.2
BSD59       269.02   269.12         0.2
BSD59       269.12   269.22         0.3
BSD59       269.22   269.32         0.4
BSD59       269.32   269.42         0.5
BSD59       269.42   269.52         0.5
BSD59       269.52   269.62         0.6
BSD59       269.62   269.72         0.8
BSD59       269.72   269.82         1.0
BSD59       269.82   269.92         0.9
BSD59       269.92   270.02         0.8
BSD59       270.02   270.12         0.8
BSD59       270.12   270.22         0.7
BSD59       270.22   270.32         0.7
BSD59       270.32   270.42         0.5
BSD59       270.42   270.52         0.3
BSD59       270.52   270.62         0.2
BSD59       270.62   270.72         0.2
BSD59       270.72   270.82         0.7
BSD59       270.82   270.91         0.6
BSD59       270.91   271.01         0.2
BSD59       271.01   271.11         0.1
BSD59       276.70   276.80         0.9
BSD59       276.80   276.90         0.9
BSD59       271.31   271.41        -0.0
BSD59       271.41   271.51         0.1
BSD59       271.51   271.61         0.2
BSD59       271.61   271.71         0.3
BSD59       271.71   271.81         0.3
BSD59       271.81   271.91         0.8
BSD59       271.91   272.01         0.7
BSD59       272.01   272.11         0.4
BSD59       272.11   272.21         0.6
BSD59       272.21   272.31         1.0
BSD59       272.31   272.41         1.3
BSD59       272.41   272.51         2.0
BSD59       272.51   272.61         1.8
BSD59       272.61   272.71         1.5
BSD59       272.71   272.81         1.8
BSD59       272.81   272.91         1.8
BSD59       272.91   273.01         1.6
BSD59       273.01   273.11         1.1
BSD59       273.11   273.21         0.8
BSD59       273.21   273.31         0.7
BSD59       273.31   273.41         0.7
BSD59       273.41   273.51         0.8
BSD59       273.51   273.61         0.7
BSD59       273.61   273.71         0.6
BSD59       273.71   273.81         0.5
BSD59       273.81   273.91         0.7
BSD59       273.91   274.01         0.7
BSD59       274.01   274.11         0.7
BSD59       274.11   274.21         0.8
BSD59       274.21   274.31         0.7
BSD59       274.31   274.41         0.6
BSD59       274.41   274.51         0.7
BSD59       274.51   274.61         0.9
BSD59       274.61   274.71         1.1
BSD59       274.71   274.81         1.0
BSD59       274.81   274.91         0.8
BSD59       274.91   275.01         0.6
BSD59       275.01   275.10         0.7
BSD59       275.10   275.20         0.7
BSD59       275.20   275.30         0.8
BSD59       275.30   275.40         1.2
BSD59       275.40   275.50         1.5
BSD59       275.50   275.60         1.2
BSD59       275.60   275.70         1.0
BSD59       275.70   275.80         1.0
BSD59       275.80   275.90         1.1
BSD59       275.90   276.00         1.0
BSD59       276.00   276.10         1.0
BSD59       276.10   276.20         1.0
BSD59       276.20   276.30         0.9
BSD59       276.30   276.40         0.9
BSD59       276.40   276.50         0.9
BSD59       276.50   276.60         0.9
BSD59       276.60   276.70         0.9
BSD59       277.00   277.10         0.9
BSD59       277.10   277.15         0.9
BSD59       276.90   277.00         0.9

Spinifex Nickel Joint Venture 
Lithological codes 
r1;.~~~~~~~~;~I~~~~~~~~~~~~-----!rMETAMORPHICM;NERALOOYl  
;_~_.1  Tertiary overburden i! Parent rocktype code : 
0' TO: gravel, soil, colluvium ii s .....- ' 
>~ Residual weathering profile "" F· Felslc. 
'-i R* - saprolitic clay, laterite, silica cap ..
'-'---i  ' : M - Mafic 
~	 Sediments ; ; U - Ultramaflc 
Ssh - shale 
Metamorphic overprint 
Sbsh - black shale 
'./ 
Felsic intrusives 
ac • actinolite Fg - granite 
Fpg - pegmatite am • amphibole 
l"T9 ~j~ 	 Mafic lithologies an - antlgorlte 
Mb - basalt  bl- biotlte 
Md - dolerite 
c • carbonate 
Mgb - gabbro 
ch - chlorlte Mt - mafic tuff (volcanoclastic) 
i
cy • chrysoprase i Ultramafic lithologiesI ~.
 
I ,," UoC - undifferentiated olivine cumulate cr • chrysotlle 
, ;771 
. IY';'I! UkSp(A2) - random pyroxene spinifex textured flowL~;	 cpx - cllnopyroxene I~ UKSp(A3) - "string-beef' pyroxene spinifex textured flow fs - feldspar I~  UpC - pyroxene cumulate 
gr - graphiteI~ UKSo(A1) - flow top breccia - olivine spinifex textured flowI -C:: Iz -lizarditeI ,-_. UKSo(A2) - random plates - olivine spinifex textured flow 
! ==,",i,
I .~- ~	 mg • magnesiteI ,;.. UKSo(A3) - books - olivine spinifex textured flow 
f - ••i )".,Tc-'""r:, UoOC - olivine orthocumulate mo - metamorphic ollvine i .~­

i ~~~~ UoOCH - olivine orthocumulate harrisitic texture mt • magnetite
I .J "" 
1 -~~2.  UoOMC - olivine mesocumulate 
o.olivine1
, ~1f~  . . I '...t." UoOAC - ohvme adcumulate 
i ph • phlogopite 
I 
px • pyroxene I • XMS - massive sulphide 
q. quartzi 11 AZ - alteration zone 
I• RZ - chloritic reaction zone S • sUlphide· undifferentiated 
I • MZCON - mixed contact zone 
se·serlcite 
I Tectonic overprint 
si - silica 
I El Xmy - mylonitic 
5 P • serpentinite\LlJ Xsh - shear 
II[JJ t -talcXf - fracture 
tr • tremollte 
I 
SILVER SWAN NICKEL PROJECT 
DIAMOND DRILL LOGS 
HOLE NORTH EAST AMG RL AZIMUTH DIP LENGTH TENEMENT 
NORTH EAST GRID MAG. 
B5D019 11799.654 10399.522 6637203.600 369905.895 1366.002 270.0 234.0 -60 460.00 M27/200 
AZIMUTH DIP DEPTH TYPE 
270.00 -60.00 0.00 EASTMAN 
270.00 -60.00 40.00 EASTMAN 
270.00 -61.50 70.00 EASTMAN 
270.00 -62.00 82.00 EASTMAN 
272.00 -62.00 112.00 EASTMAN 
272.00 -62.00 130.00 EASTMAN 
273.00 -62.50 148;00 EASTMAN 
274.00 -62.00 169.00 EASTMAN 
274.00 -62.00 187.00 EASTMAN 
274.00 -62.00 217.00 EASTMAN 
275.00 -62.00 247.00 EASTMAN 
275.00 -62.00 265.00 EASTMAN 
275.00 -62.10 283.00 EASTMAN 
275.50 - 62. Hl 316.00 EASTMAN 
277.00 -62.00 346.00 EASTMAN 
277.00 -62.00 379.00 EASTMAN 
275.00 -61.50 412.00 EASTMAN 
275.00 -61.50 440.00 EASTMAN 



































LITHOLOGY FROM TO SAMPLE LAB JOB PX As Co Cr Cu Fe Mg Ni S Zn S:Ni Fe:Ni 
























































SILVER SWAN NICKEL PROJECT 
DIAMOND DRILL LOGS 
HOLE NORTH EAST AMG RL AZIMUTH DIP LENGTH TENEMENT 
NORTH EAST GRID HAG. 
B5D026 11749.821 10309.914 6637110.877 369862.198 1366.043 270.0 234.0 -60 343.00 M27/200 
AZIMUTH DIP DEPTH TYPE 
270.00 -60.00 0.00 EASTMAN 
271.00 -59.50 41. 00 ·EASTMAN 
271.50 -59.90 65.00 EASTMAN 
272.50 -60.60 89.00 EASTMAN 
273.00 -61.00 106.00 EASTMAN 
272.50 -61.10 136.00 EASTMAN 
272.00 -61.00 166.00 EASTMAN 
271.00 -60.00 178.00 EASTMAN 
273.00 -60.90 184.00 EASTMAN 
270.00 -60.50 196.00 EASTMAN 
271.00 -60.00 208.00 EASTMAN 
271.00 -59.80 220.00 EASTMAN 
272.00 -59.70 247.00 EASTMAN 
272.00 -59.80 277.00 EASTMAN 
273.50 -59.90 295.00 EASTMAN 
275.00 -59.90 325.00 EASTMAN 
273.00 -60.00 343.00 EASTMAN 
~SD026 
!'ROM TO LITHOLOGY FROM TO SAMPLE LAB JOB PX As Co Cr CU Fe Mg Ni S Zn S:Ni Fe:Ni 
Cm) (m) (m) (m) NUMBER NO NO % % % % 
), 00 9.00 LAT 
LOO 14.00 CLAY/LAT 
14.00 23.00 CLAY 
D.OO 40.00 CLAY/FPO? 
10.00 47.00 SAP/FV/FPO? 
17.00 94.00 SAP/FV/FPO? 
H.OO 98.00 FV/FPO? 
~8. 00 134.80 FPO/MLITH/BRECCIA 
134.80 136.90 TA/CRB 
136.90 146.50 TA/CRB/WEATH 
146.50 202.00 TA/CRB 
202.00 223.05 TA/CRB/WEATH 
223.05 224.40 FPO? 
224.40 294.20 TA/CRB 250.00 251. 00 41233 PE007523 1195 50 136 1242 172 0.53 0.84 51 1. 58 
251. 00 252.00 41234 PE007523 1195 50 121 1037 129 0.47 0.69 52 1. 47 
252.00 253.00 41235 PE007523 1195 50 153 589 184 0.61 0.78 52 1. 28 
253.00 254.00 41236 PE;007523 1195 50 128 558 187 0.56 0.79 46 1. 41 
254.00 255.00 41237 PE007523 1195 50 147 905 194 0.64 0.95 47 1. 48 
255.00 256.00 41238 PE007523 1195 50 147 964 219 0.62 0.63 49 1. 02 
256.00 257.00 41239 PE007523 1195 50 174 1525 362 . 0.86 1.12 69 1. 30 
257.00 258.00 41240 PE007523 1195 23 112 1909 491 0.64 0.74 85 1.16 
258.00 259.00 41241 PE007523 1195 113 147 1196 418 0.65 1.17 58 1.80 
259.00 260.00 41242 PEO,07523 1195 182 146 842 237 0.51 1. 46 59 2.86 
260.00 261. 00 41243 PE007523 1195 51 219 555 770 1. 22 1. 56 71 1. 28 
261. 00 262.00 41244 I?E007523 1195 19 230 789 958 1. 45 1. 46 74 1. 01 
262.00 263.00 41245 PE007523 1195 30 210 742 841 1. 28 1. 38 76 1. 08 
263.00 264.00 41246 PE007523 1195 62 275 732 1096 1. 62 2.11 76 1. 30 
264.00 265.00 41247 PE007523 1195 130 245 689 837 1. 38 2.16 76 1. 57 
265.00 266.00 41249 PE007523 1195 54 255 738 1106 1. 64 1. 98 76 1. 21 
266.00 267.00 41250 PE007523 1195 143 305 696 1194 1. 96 3.19 72 1. 63 
267.00 268.00 41251 PE007523 1195 71 253 716 1346 1. 97 3.00 78 1. 52 
268.00 269.00 41252 PE007523 1195 65 192 971 820 1. 34 1. 87 75 1. 40 
269.00 270.00 41253 PE007523 1195 127 300 792 1073 1.71 3.16 67 1. 85 
270.00 271. 00 41254 PE007523 1195 120 2'89 750 1275 1. 94 3.07 59 1. 58 
271. 00 272.00 41255 PE007523 1195 67 2,51 6624 1149 1. 74 2.00 124 1.15 
272.00 273.00 41256 PE007523 1195 55 259 695 1024 1. 60 2.53 66 1. 58 
273.00 274.00 41257 PE007523 1195 54 226 290 697 1. 32 2.25 77 1. 70 
274.00 275.00 41258 PE007523 1195 36 189 339 705 1.11 1. 48 81 1. 33 
275.00 276.00 41259 PE007523 1195 47 192 276 564 0.95 1. 77 82 1. 86 
276.00 277.00 41260 .PE007523 1195 40 231 837 566 1. 26 1. 98 77 1. 57 
277.00 278.00 41261 PE007523 1195 40 171 594 526 0.93 1. 53 50 1. 65 
278.00 279.00 41262 PE007523 1195 38 203 749 547 1. 05 1. 56 59 1. 49 
CONTINUED ••• 
180026 CONTINUED 
i'ROM TO LITHOLOGY FROM TO SAMPLE LAB JOB PX As Co Cr Cu Fe Mq Ni S Zn S:Ni Fe:Ni 
(m) (m) (m) (m) NUMBER NO NO % % % % 
279.00 280.00 41263 PE007523 1195 24 147 662 391 0.78 0.95 56 1. 22 
280.00 281. 00 41264 PE007523 1195 65 209 568 616 1.12 2.10 55 1. 88 
281. 00 282.00 41265 PE007523 1195 30 152 734 347 0.84 1. 46 53 1. 74 
282.00 283.00 41266 PE007523 1195 29 150 727 336 0.77 1. 32 47 1.71 
283.00 284.00 41267 PE007523 1195 20 173 636 444 0.86 1. 43 42 1. 66 
284.00 285.00 41268 PE007523 1195 16 143 864 269 0.62 1. 01 40 1. 63 
285.00 286.00 41269 PE007523 1195 21 167 826 341 0.78 1.20 40 1. 54 
286.00 287.00 41270 PE007523 1195 16 99 758 114 0.33 0.27 40 0.82 
287.00 288.00 41271 PE007523 1195 35 93 765 74 0.34 0.19 32 0.56 
288.00 289.00 41272 PE007523 1195 105 201 2058 468 0.55 1. 08 58 1.96 
289.00 290.00 41273 PE00752.3 1195 709 78 918 45 0.23 0.077 33 0.33 
290.00 291. 00 41274 PE007523 1195 653 71 941 54 0.21 0.35 34 1. 67 
291. 00 292.00 41275 PE007523 1195 197 70 971 143 0.22 0.45 42 2.05 
292.00 293.00 41276 PE007523 1195 196 72 1029 175 0.24 0.19 45 0.79 
293.00 294.00 41277 PE007523 1195 210 188 1114 793 0.46 1. 70 61 3.70 
294.00 294.20 41279 PE007523 1195 50 123 406 710 1. 38 3.59 121 2.60 
294.20 297.80 MS 294.20 295.00 4~201 PE007477 1194 50 3186 334 8933 35.50 0.83 12.10 34.80 26 2.88 2.93 
295.00 296.00 41202 PE007477 1194 50 1915 171 1189 35.90 0.24 17 .20 35.60 15 2.07 2.09 
296.00 297.00 41203 PE007477 1194 50 2091 167 1656 36.00 0.10 18.40 34.80 15 1. 89 1.96 
297.00 297.80 41205 PE007477 1194 50 1853 239 12200 35.90 0.33 14.90 33.90 85 2.28 2.41 
297.80 298.30 KOM 297.80 298 .. 30 41206 PE007477 1194 172 149 1990 2707 0.59 1.18 184 2.00 
298.30 299.65 MS 298.30 299.00 41207 PE007477 1194 523 1991 186 B037 34.40 0.25 14.60 33.30 45 2.28 2.36 
299.00 299.65 41208 PE007477 1194 4311 2673 439 10300 36.50 0.41 14 .10 31. 20 73 2.21 2.59 
299.65 300.05 KOM? 299.65 300.05 41209 PE007477 1194 324 284 1663 1696 1. 78 4. 05 91 2.28 
300.05 300.80 MS 300.05 300.80 41210 PE007477 1194 208 1959 230 4604 36.90 0.37 13.70 33.60 45 2.45 2.69 
300.80 301.45 KOM 300.80 301.00 41211 PE007477 1194 500 161 1733 637 0.74 1. 02 244 1. 38 
301. 00 301.15 41212 PEOQ7477 1194 50 1926 257 7126 32.30 0.41 13.40 30.00 59 2.24 2.41 
301. 15 301. 45 41213 PE007477 1194 50 173 1635 4325 0.94 2.19 154 2.33 
301.45 303.70 MS 301. 45 302.00 41214 PE007477 1194 50 1937 134 5297 35.90 0.26 14.60 34.00 34 2.33 2.46 
302.00 303.00 41215 PEOO7477 1194 140 1851 107 3570 35.10 0.31. 14.40 32.20 32 2.24 2.44 












































































































308.00 309.00 41224 PE007477 1194 50 1753 671 4458 37.20 0.13 15.80 32.70 86 2.07 2.35 
309.00 310.00 41225 PE007477 1194 50 1717 366 2:351 34.20 0.12 15.50 34.50 58 2.23 2.21 
310.00 311.00 41226 PE007477 1194 1775 1733 177 1540 36.70 0.21 14.20 34.80 49 2.45 2.58 

























Zn S:Ni. Fe:Ni. 








































































































SILVER SWAN NICKEL PROJECT 
DIAMOND DRILL LOGS 
HOLE NORTH EAST AMG RL AZIMUTH DIP LENGTH TENEMENT 
NORTH EAST GRID MAG. 
B5D044 11649.834 10324.139 6637037.986 369932.061 1365.014 270.0 234.0 -60 340.00 M27/200 
AZIMUTH DIP DEPTH TYPE 
270.00 -60.00 0.00 EASTMAN 
271. 00 -59.60 35.00 EASTMAN 
272.00 -59.30 65.00 EASTMAN 
273.00 -59.00 94.00 EASTMAN 
268.00 -59.00 127.00 EASTMAN 
269.50 -59.00 151.00 EASTMAN 
269.50 -59.10 17 5.00 EASTMAN 
269.50 -57.00 181.00 EASTMAN 
269.50 -55.00 187.00 EASTMAN 
269.50 -53.00 193.00 EASTMAN 
269.50 -50.50 199.00 EASTMAN 
271.50 -48.50 205.00 EASTMAN 
273.00 -46.30 211.00 EASTMAN 
273.50 -46.30 218.00 EASTMAN 
271.50 -46.30 247.00 EASTMAN 
272.50 -46.10 280.00 EASTMAN 
272.00 -46.10 310.00 EASTMAN 
271. 00 -46.30 340.00 EASTMAN 
ISD044 
'ROM TO LITHOLOGY FROM TO SAMPLE LAB JOB PX As Co Cr Cu Fe Mg Ni S Zn S:Ni Fe:Ni 
:m) (m) (m) (m) NUMBER NO NO % % % % 
1.00 9.00 LAT 
1.00 21. 00 CLAY 
:1.00 50.00 SAP/TA/CRB 
iO.OO 53.00 SAP/TA/CRB 
i3.00 76.00 FPO/(PW) 
'6.00 84.10 FPO 
14.10 102.50 FPOHLITH/CLASTIC 
.02.50 104.50 FPO!WEATH 
.04.50 138.40 FPO!MLITH!BRECCIA 
L38.40 138.90 CRB!KOM? 
L38.90 145.15 FPO!MLITH!BRECCIA 
l45.15 145.85 KOM? 
L45.85 147. 65 FPO!MLITH!BRECCIA 
L47. 65 150.00 WEATH!FPO/KOM COMTACT 
l50.00 162. 65 TA!CRB!WEATH 
l62.65 164.60 TA/CRB!WEATH 
L64.60 175.00 TA!CRB 
L75.00 211.50 NAVI DRILL 
~11.50 270.00 TA!CRB 
no.oo 275.00 TA!CRB/FRACT!SW 270.00 271. 00 60063 PE012569 1534 15 89 600 8 4.24 20.59 0.24 0.016 35 0.07 17.67 
271. 00 272.00 60064 PE012569 1534 5 100 769 7 4.61 20.90 0.24 0.016 41 0.07 19.21 
272.00 273.00 60065 PE012569 1534 5 109 761 49 4.92 20.00 0.27 0.055 32 0.20 18.22 
273.00 274.00 60066 PE012569 1534 27 99 1156 25 5.17 18.49 0.23 0.26 39 1.13 22.48 
274.00 275.00 60067 PE012569 1534 5 88 976 22 5.02 19.80 0.23 0.033 30 0.14 21. 83 






























277.00 278.00 60071 PE012569 1534 19 123 624 248 5.55 18.67 0.48 0.49 22 1. 02 11. 56 
278.00 279.00 60072 PE012569 1534 13 100 511 199 4.56 18.85 0.40 0.37 17 0.92 11. 40 
































281.00 282.00 45462 PE012563 1535 19 178 183 594 4.91 16.34 1.15 1. 37 47 1.19 4.27 
282.00 282.75 45463 PE012563 1535 21 226 195 622 5.65 17.10 1. 42 1. 98 53 1. 39 3.98 
282.75 283.47 45464 PE012563 1535 16 218 217 923 5.63 15.65 1. 50 1. 67 36 1.11 3.75 
283.47 284.00 45465 PE012563 1535 57 442 199 1184 8.93 15.66 3.05 6.30 42 2.07 2.93 
284.00 285.00 45466 PE012563 1535 58 445 164 1434 7.96 16.25 2.97 5.80 45 1. 95 2.68 
285.00 286.00 45467 PE012563 1535 62 424 196 1374 7.92 16.90 2.87 5.56 46 1. 94 2.76 
286.00 287.00 4.5468 PE012563 1535 63 447 211 1328 8.98 16.10 2.99 5.90 42 1. 97 3.00 
287.00 288.00 45469 PE012563 1535 59 419 16.5 1031 7.92 15.37 2.60 5.87 42 2.26 3.05 
288.00 289.00 45471 PE012563 1535 56 407 188 1378 7.86 1.6.12 2.84 5.97 90 2.10 2.77 
289.00 290.00 45472 PE012563 1535 57 435 198 1534 7.78 17.17 2.91 6.10 53 2.10 2.67 
290.00 291.00 45473 PE012563 1535 65 418 214 1361 7.46 17 .52 2.86 6.07 47 2.12 2.61 
291. 00 292.00 45474 PE012563 1535 63 344 264 1159 7.37 17.60 2.35 4.91 48 2.09 3.14 
292.00 293.00 45475 PE012563 1535 48 362 338 1168 7.51 18.03 2.40 4.51 38 1. 88 3.13 
293.00 294.00 45476 PE012563 1535 48 354 430 1295 7.49 18.34 2.40 4.18 32 1. 74 3.12 
CONTINUED ••• 
SD044 CONTINUED 
ROM TO LITHOLOGY FROM TO SAMPLE LAB JOB PX As Co Cr Cu Fe Hq Ni S Zn S:Ni Fe:Ni 
m) (m) (m) (m) NUMBER NO NO % % % % 
294.00 295.00 45477 PE012563 1535 47 309 427 1192 7.14 17.47 2.11 3.57 39 1. 69 3.3B 
295.00 296.00 4547B PE012563 1535 49 30B 449 894 7.06 17.64 2.05 3.20 41 1. 56 3.44 
296.00 297.08 45479 PE012563 1535 27 242 553 928 6.14 17.77 1. 65 2.34 43 1. 42 3.72 
































298.35 299.00 45482 PE012563 1535 61 270 650 716 6.56 18.32 1. 65 3.29 37 1. 99 3.98 
299.00 300.00 45483 PE012563 1535 62 260 689 827 6.42 17.96 1. 51 3.30 38 2.19 4.25 
300.00 300.90 45484 PE012563 1535 69 257 595 1126 6.45 17.82 1. 75 2.75 39 1. 57 3.69 
300.90 301. 80 45485 PE012563 1535 168 332 380 1301 7.38 17.45 2.47 4.25 44 1.72 2.99 
301.80 302.65 45486 PE012563 153,5 155 335 394 1509 7.86 18.20 2.36 3.80 48 1. 61 3.33 
302.65 303.55 45487 PE012563 1535 131 222 396 1791 6.56 18.21 2.29 3.17 49 1.38 2.86 
303.55 303.75 45488 PE012563 1535 259 870 232 2272 10.73 14.38 8.22 12.50 38 1.52 1. 31 
303.75 304.20 45489 PE012563 1535 72 305 502 1822 7.10 16.96 2.66 3.23 47 1. 21 2.67 
304.20 305.06 45490 PE012563 1535 119 373 512 1514 7.96 15.62 3.51 4.48 43 1. 28 2.27 
305.06 305.28 45491 PE012563 1535 548 984 627 3899 15.16 11. 47 11.10 16.70 53 1. 50 1. 37 
305.28 306.00 45492 PE012563 1535 181 465 683 1945 9.19 16.04 3.59 5.50 42 1. 53 2.56 
306.00 306.67 45494 PE012563 1535 105 416 1266 1426 10.14 14.40 7.28 7.04 74 0.97 1. 39 
306.67 307.02 45495 PE012563 1535 64 365 3418 2791 11. 36 13.88 7.71 6.26 167 0.81 1. 47 
307.02 308.00 45496 PE012563 1535 55 461 3123 2988 10.66 16.90 4. 05 4. 05 106 1. 00 2.63 
308.00 308.69 45497 PE012563 1535 76' 382 1371 1862 8.44 16.75 2.69 3.40 49 1. 26 3.14 
308.69 309.55 60074 PE012569 1534 46 245 574 895 7.01 19.49 2.31 2.39 37 1. 03 3.03 
309.55 310.42 60075 PE012569 1534 25 175 550 707 5.83 20.43 1. 25 1.31 39 1. 05 4.66 
310.42 311.22 45498 PE012563 1535 27 238 826 329 5.11 18.42 1. 43 1. 50 37 1. 05 3.57 
































312.79 313.00 45499 PE012563 1535 48 172 548 142 4.07 18.43 1. 02 0.95 34 0.93 3.99 
313.00 314.00 60078 PE012569 1534 21 67 462 43 4.28 20.20 0.27 0.34 22 1. 26 15.85 
314.00 315.00 60079 PE01256~ 1534 273 98 491 70 4.14 19.45 0.41 0.42 25 1. 02 10.10 
315.00 316.00 60080 PE012569 1534 317 66 555 33 4.33 19.47 0.24 0.16 29 0.67 18.04 
316.00 317.00 60082 PE012569 1534 147 90 491 24 3.88 18.28 0.28 0.19 39 0.68 13.86 
317.00 317.71 60083 PE012569 1534 436 70 535 11 3.85 17 .31 0.19 0.071 30 0.37 20.26 
































319.51 320.08 60086 PE012569 1534 4270 147 1713 120 10.50 11. 39 0.32 0.22 81 0.69 32.81 
































SILVER SWAN NICKEL PROJECT 
DIAMOND DRILL LOGS 






DIP LENGTH TENEMENT 
BSD044A 11649.834 10324.139 6637037.986 369932.061 1365.014 270.0 234.0 -60 377.00 M27/200 
WEDGED OF BSD44 



















































rnOM TO LITHOLOGY FROM TO SAMPLE LAB JOB PX As Co Cr CU Fe Mg Ni S Zn S:Ni Fe:Ni 
(m) (m) (m) (m) NUMBER NO NO % % % % 
326.80 327.56 60140 PE012867 1538 44 203 286 454 5.22 20.80 0.78 1. 88 31 2.41 6.69 
327.56 329.00 60141 PE012867 1538 56 188 248 457 5.33 20.90 0.81 1. 89 63 2.33 6.58 
329.00 330.19 60142 PE012867 1538 74 212 230 508 5.61 20.21 0.89 2.34 59 2.63 6.30 
330.19 330.48 TA/CRB 330.19 330.48 45601 PE012868 1539 309 521 140 927 10.73 17 .19 1. 54 8.74 28 5.68 6.97 
330.48 344.05 TA/CRB 330.48 331. 42 45602 PE012868 1539 78 226 237 524 5.50 20.10 0.98 2.00 26 2.04 5.61 
331.42 332.28 45603 PE012868 1539 81 210 242 549 5.37 20.50 0.88 1. 77 30 2.01 6.10 
332.28 333.41 45604 PE012868 1539 115 246 221 589 5.78 20.10 0.98 2.33 34 2.38 5.90 
333.41 334.24 45606 PE012868 1539 57 211 243 611 5.11 20.61 0.95 1. 36 32 1. 43 5.38 
334.24 335.33 45607 PE012868 1539 79 229 272 801 5.46 20.20 1.12 2.07 33 1. 85 4.87 
335.33 336.10 45608 PE012868 1539 110 214 240 801 5.43 19.81 1. 38 2.33 33 1. 69 3.93 
336.10 336.82 45609 PE012868 1539 64 212 234 994 5.35 19.61 1. 35 1. 94 38 1. 44 3.96 
336.82 337.14 45610 PE012868 1539 173 358 194 1508 6.82 19.90 1. 98 4.53 36 2.29 3.44 
337.14 338.00 45611 PE012868 1539 87 215 203 1071 5.71 19.81 1. 42 2.37 38 1. 67 4.02 
338.00 338.85 45612 PE012868 1539 90 220 225 892 5.56 20.30 1. 31 2.36 38 1. 80 4.24 
338.85 339.68 45613 PE012868 1539 97 220 260 1055 5.56 20.30 1. 33 2.37 45 1. 78 4.18 
339.68 340.74 45614 PE012868 1539 134 283 217 1561 6.56 19.71 1. 94 3.72 41 1. 92 3.38 
340.74 341.89 45615 PE012868 1539 98 239 233 1087 6.08 19.79 1. 49 2.61 46 1. 75 4. 08 
341.89 342.47 45616 PE012868 1539 100 220 194 1616 5.87 20.49 1. 57 2.85 78 1. 82 3.74 
342.47 343.26 45617 PE012868 1539 57 213 239 1340 5.73 20.00 1. 40 2.28 45 1. 63 4.09 
343.26 344.05 45618 PE012868 1539 74 240 283 1533 6.04 19.59 2.10 2.90 47 1. 38 2.88 






























345.75 346.36 45621 PE012868 1539 1060 394 351 1899 8.57 17.98 3.08 4.91 38 1. 59 2.78 
346.36 347.19 45623 PE012868 1539 272 522 346 1779 10.00 16.63 3.76 6.62 48 1. 76 2.66 
347.19 348.00 45624 PE012868 1539 545 466 351 2079 8.92 17.93 3.51 5.67 43 1. 62 2.54 
348.00 349.00 45625 PE012868 1539 494 399 704 1851 8.16 18.31 3.07 4.81 50 1. 57 2.66 
349.00 349.88 45626 PE012868 1539 241 419 1186 2010 8.85 17.25 3.29 5.53 61 1. 68 2.69 
349.88 350.58 45627 PE012868 1539 185 545 2593 3589 10.53 16.27 4.36 7.38 114 1. 69 2.42 
350.58 351. 28 45628 PE012868 1539 132 563 1960 3040 10.80 16.60 4.53 6.74 99 1. 49 2.38 
































353.00 354.00 60144 PE012867 1538 95 97 630 70 4.25 20.30 0.31 0.36 36 1.16 13.71 
354.00 355.00 60145 PE012867 1538 651 75 612 24 3.99 19.60 0.27 0.17 28 0.63 14.78 
































355.86 356.21 60149 PE012867 1538 1500 97 858 2 4.76 . 19.50 0.20 0.068 32 0.34 23.80 
356.21 357.00 60150 PE012867 1538 1680 95 1069 25 4.04 17.25 0.21 0.094 33 0.45 19.24 
357.00 358.00 60151 PE012867 1538 1780 104 1080 2 4.82 18.70 0.20 0.075 33 0.37 24.10 
358.00 358.93 60152 PE012867 1538 3410 101 1353 28 6.03 10.39 0.23 0.16 41 0.70 26.22 













































































376.50 377.00 CRB/SERICITE/SHEAR 
11 -1 
SILVER SWAN NICKEL PROJECT 
DIAMOND DRILL LOGS 
HOLE NORTH EAST AMG RL AZIMUTH DIP LENGTH TENEMENT 
NORTH EAST GRID MAG. 
B5D052 11749.492 10325.030 6637119.426 369874.664 1365.998 270.0 234.0 -60 367.00 M27/200 
AZIMUTH DIP DEPTH TYPE 
270.00 -59.00 0.00 EASTMAN 
270.00 -58.00 31. 00 EASTMAN 
270.50 -60.00 61. 00 EASTMAN 
271.00 -62.20 97.00 EASTMAN 
271.00 -62.00 109.00 EASTMAN 
273.00 -62.80 121. 00 EASTMAN 
273.50 - 62. 40 133.00 EASTMAN 
273.50 -62.30 145.00 EASTMAN 
273.00 -62.50 163.00 EASTMAN 
273.00 -62.50 169.00 EASTMAN 
270.00 -60.50 175.00 EASTMAN 
266.00 -58.00 184.00 EASTMAN 
265.00 -58.00 191.00 EASTMAN 
265.00 -56.00 197.00 EASTMAN 
265.00 -54.00 202.00 EASTMAN 
263.00 -54.00 206.00 EASTMAN 
263.00 -54.00 220.00 EASTMAN 
263.00 -54.10 238.00 EASTMAN 
262.00 -54.20 256.00 EASTMAN 
269.00 -54.00 262.00 EASTMAN 
269.00 -54.50 272.00 EASTMAN 
269.00 -54.50 289.00 EASTMAN 
269.50 -54.70 319.00 EASTMAN 
270.00 -54.80 349.00 EASTMAN 
270.00 -54.80 367.00 EASTMAN 
"TJ 1 
,S0052 
'ROM TO LITHOLOGY FROM TO SAMPLE LAB JOB PX As Co Cr CU Fe Mq Ni S Zn S:Ni Fe:Ni 
m) (m) (m) (m) NUMBER NO NO % % % % 
'.00 4.00 LAT 
.00 10.00 LAT 
0.00 16.00 Fe/CLAY 
6.00 20.00 CLAY/TA/CRB 
:0.00 31. 00 CLAY/CRB/TA 
;1. 00 40.00 SAP/CRB/TA 
0.00 52.00 SAP/CRB/TA 
,2.00 71. 00 FPO 
'1.00 83.00 FPO/WEATH 
13.00 99.00 TA/CRB 
)9.00 102.00 TA/CRB/SW 
.02.00 111. 00 TA/CRB 
.11.00 117.10 CRB/TA/SW 
.17 .10 144.80 FPO/MLITH/BRECCIA 
.44.80 157.00 CRB/TA/SW 
.57.00 169.00 CRB/TA 
.69.00 184.50 NAVI DRILL 
.84.50 191.00 CRB/TA 
.91.00 202.00 NAVI DRILL 
~02.00 256.00 CRB/TA 
~56. 00 263.00 NAVI DRILL 
































267.00 268.00 60598 PE014 099 1570 32 153 1124 168 5.97 19.26 0.49 0.64 57 1. 31 12.18 
268.00 269.00 60599 ~E014099 1570 48 169 1010 178 6.25 19.37 0.54 1. 08 52 2.00 11. 57 
269.00 270.00 60600 PE014099 1570 32 144 1124 168 6.09 19.30 0.47 0.72 55 1. 53 12.96 
270.00 271.00 60601 PE014099 1570 48 165 1039 197 6.18 18.62 0.56 0.81 49 1. 45 11. 04 
271. 00 272.00 60602 PE014099 1570 51 144 1143 181 6.38 18.76 0.54 0.84 53 1. 56 11. 81 
272.00 273.00 60603 PE014099 1570 100 177 1111 249 6.41 17.83 0.64 1.19 53 1. 86 10.02 
273.00 274.00 60604 PE014099 1570 96 175 1556 299 7.05 16.75 0.65 1.14 69 1. 75 10.85 
274.00 275.00 60605 PE014099 1570 22 125 1483 108 6.34 16.70 0.26 0.68 64 2.62 24.38 
275.00 276.00 60606 PE014099 1570 36 139 1707 218 7.39 17.12 0.41 0.87 62 2.12 18.02 
276.00 277.00 60607 PE014099 1570 19 124 1141 243 7.07 16.97 0.40 0.80 65 2.00 17.68 
277.00 278.00 60608 PE014099 1570 62 158 1230 390 6.79 16.59 0.58 1. 19 72 2.05 11. 71 
278.00 279.00 60609 PE014099 1570 20 104 1113 209 6.57 16.99 0.29 0.54 67 1. 86 22.66 
279.00 280.00 60610 PE014099 1570 26 139 1136 165 5.80 16.78 0.27 0.72 56 2.67 21. 48 
280.00 281. 00 60612 PE014099 1570 50 89 276 225 4.24 16.08 0.34 0.41 46 1. 21 12.47 

































284.00 285.00 60616 PE014099 1570 37 138 803 337 5.31 14.44 0.46 1. 26 41 2.74 11.54 
285.00 286.00 60617 PE014099 1570 64 201 962 474 5.91 16.51 0.92 1. 83 39 1. 99 6.42 
286.00 287.00 60618 PE014099 1570 31 143 855 116 4.63 19.89 0.35 0.37 37 1. 06 13.23 
287.00 288.00 60619 PED14099 1570 18 84 702 80 4.89 20.43 0.26 0.29 37 1.12 18.81 
CONTINUED ••• 
!SD052 CONTINUED 
i'ROM TO LITHOLOGY FROM TO SAMPLE LAB JOB PX As Co Cr Cu Fe Mg Ni S Zn S:Ni Fe:Ni 
(m) (m) (m) (m) NUMBER NO NO % % % % 
288.00 289.00 60620 PE014099 1570 34 150 656 169 5.82 19.21 0.57 0.92 35 1. 61 10.21 
289.00 290.00 60621 PE014099 1570 46 223 5673 496 6.69 17 .80 1.17 1. 46 94 1. 25 5.72 
290.00 291. 00 60622 PE014099 1570 35 198 2597 536 6.67 19.91 0.88 1. 02 49 1.16 7.58 
291. 00 292.00 60623 PE014099 1570 33 221 1572 689 4. 00 0.00 0.97 1. 51 43 1.56 4.12 
292.00 293.00 60624 PE014099 1570 45 211 1220 670 6.65 19.26 0.93 1. 62 43 1. 74 7.15 
293.00 294.00 60625 PE014099 1570 45 240 1447 715 7.20 19.01 1.16 1. 75 50 1. 51 6.21 
294.00 295.00 60626 PE014099 1570 57 260 1749 960 7.58 19.05 1. 37 2.07 62 1. 51 5.53 
295.00 296.00 60627 PE014099 1570 62 210 1301 865 6.73 19.01 1. 07 2.04 55 1. 91 6.29 
296.00 297.00 60628 PE014099 1570 67 234 1364 865 7.12 19.45 1. 30 2.19 66 1. 68 5.48 
297.00 298.00 60629 PE01409g 1570 33 166 615 503 6.35 20.65 0.80 0.87 47 1. 09 7.94 
~98.00 313.65 eRB/TA 298.00 299.00 60631 PE014099 1570 44 171 703 380 5.74 20.54 0.69 0.65 36 0.94 8.32 
299.00 300.00 60632 PE014099 1570 309 141 722 278 5.28 21. 09 0.52 0.53 37 1. 02 10.15 
300.00 301.00 60633 PE014099 1570 369 114 677 125 4.81 21. 40 0.31 0.24 30 0.77 15.52 
301. 00 302.00 60634 PE014099 1570 223 90 945 106 5.02 21. 09 0.25 0.15 36 0.60 20.08 
302.00 303.00 60635 PE014099 1570 399 96 792 81 5.09 22.06 0.23 0.12 37 0.52 22.13 
303.00 304.00 60636 PE014099 1570 204 112 900 146 5.44 21. 00 6.40 0.36 43 0.90 13.60 
304.00 305.00 60637 PE014099 1570 351 ·121 833 38 5.44 21. 95 0.24 0.14 36 0.58 22.67 
305.00 306.00 60638 PE014099 1570 499 99 886 26 4. 87 21. 50 0.21 0.09 39 0.43 23.19 
306.00 307.00 60639 PE014099 1570 460 92 841 47 4.84 20.79 0.20 0.069 44 0.35 24.20 
307.00 308.00 60640 PE014099 1570 140 111 975 207 5.68 19.70 0.31 0.35 40 1.13 18.32 
308.00 309.00 60641 PE014099 1570 377 101 855 90 5.38 21.29 0.25 0.14 43 0.56 21.52 
309.00 310.00 60642 PE014099 1570 205 109 904 507 4.98 19.19 0.29 0.27 46 0.93 17.17 
310.00 311.00 60643 PE014099 1570 109 98 879 154 5.40 20.02 0.29 0.21 47 0.72 18.62 
311. 00 312.00 60644 PE014099 1570 98 97 937 153 4. 99 18.03 0.26 0.20 45 0.77 19.19 
312.00 313.00 60645 PE014099 1570 73 88 977 146 4.92 16.44 0.24 0.20 48 0.83 20.50 
313.00 313.65 60646 PE014099 1570 92 112 1183 408 6.27 13.56 0.45 0.71 60 1. 58 13.93 
313. 65 319.26 MS 313.65 314.00 45996 PE014100 1571 369 1571 130 2518 43.76 0.19 15.90 35.70 26 2.25 2.75 
314.00 315.00 45997 PE014100 1571 640 1987 96 5040 43.40 0.17 16.40 35.50 35 2.16 2.65 
315.00 316.00 45998 PE014100 1571 192 1803 140 2526 43.12 0.16 16.20 35.10 27 2.17 2.66 
316.00 317.00 45999 PE014100 1571 45 1550 95 7750 44.27 0.12 15.90 36.30 63 2.28 2.78 
317.00 318.00 46000 PE014100 1571 33 1497 168 2784 44.06 0.15 16.60 35.60 44 2.14 2.65 
318.00 319.26 46001 PE014100 1571 1890 1575 135 3843 44. 02 0.12 15.80 33.60 51 2.13 2.79 
































321.00 322.00 46005 PE014100 1571 4980 231 19 2383 4.99 1.16 2.46 3.42 31 1. 39 2.03 
322.00 323.00 46006 PE014100 1571 8670 427 20 4980 6.47 1. 60 5.83 6.03 46 1. 03 1.11 
323.00 324.00 46007 PE014100 1571 9200 378 217 2636 5.28 2.47 4.40 4.39 60 1. 00 1. 20 
324.00 325.00 46008 PE014100 1571 23900 313 456 2912 8.28 3.44 2.50 3.73 88 1. 49 3.31 





















































329.00 330.00 46014 PE014100 1571 1390 14 56 187 1.96 3.45 0.12 0.11 25 0.92 16.33 
































SILVER SWAN NICKEL PROJECT 
DIAMOND DRILL LOGS 






DIP LENGTH TENEMENT 
BSD052A 11749.492 10325.030 6637119.426 369874.664 1365.998 270.0 234.0 -60 337.00 M27/200 
WEDGED OF BSD52 


























































!'ROM TO LITHOLOGY FROM TO SAMPLE LAB JOB PX As Co Cr Cu Fe Mg. Ni S Zn s:Ni Fe:Ni 
(m) (m) (m) (m) NUMBER NO NO % % % % 
l70.00 181.00 CRB/TA 
L81.00 198.50 NAVI DRILL 
198.50 206.00 CRB/TA 
W6.00 211.40 NAVI DRILL 
~11.40 247.00 CRB/TA 
~ 47.00 260.20 TA/CRB 
~ 60.20 261.70 TA/CRB/SHEAR 
~61.70 308.87 TA/CRB 265.00 266.00 60554 PE013992 1568 31 104 946 65 5.21 19.61 0.21 0.03 53 0.14 24.81 
266.00 267.00 60555 PE013992 1568 5 159 1393 83 5.78 18.50 0.41 0.35 50 0.85 14 .10 
267.00 268.00 60556 PE013992 1568 5 91 600 34 4.67 17.85 0.25 0.11 40 0.44 18.68 
268.00 269.00 60557 PE013992 1568 5 87 884 64 4.74 19.59 0.28 0.15 42 0.54 16.93 
269.00 270.00 60558 PE013992 1568 17 121 618 46 4.47 18.33 0.31 0.68 36 2.19 14.42 
270.00 271.00 60559 PE013992 1568 20 69 768 86 4.49 17.46 0.29 0.24 41 0.83 15.48 
271. 00 272.00 60560 PE013992 1568 5 109 753 36 5.13 18.81 0.2~ 0.81 43 3.86 24.43 
272.00 273.00 60561 PE013992 1568 5 87 704 24 4.65 18.69 0.21 0.69 35 3.29 22.14 
273.00 274.00 60562 PE013992 1568 5 91 653 26 4.94 18.79 0.19 0.095 43 0.50 26.00 
274.00 275.00 60563 PE013992 1568 747 438 915 99 11.15 14.90 0.42 3.81 48 9.07 26.55 
275.00 276.00 60564 PE013992 1568 56 99 2010 141 7.82 16.83 0.24 0.075 62 0.31 32.58 
276.00 277.00 60565 PE013992 1568 173 144 2083 297 6.68 17.53 0.47 0.36 59 0.77 14.21 
277.00 278.00 60566 PE013992 1568 1270 276 2356 384 8.21 17.80 0.73 1. 75 58 2.40 11. 25 
278.00 279.00 60567 PE013992 1568 920 160 2385 346 6.36 17.28 0.67 0.99 59 1. 48 9.49 
279.00 280.00 60568 PE013992 1568 191 154 1717 658 6.86 18.21 0.92 0.98 64 1.07 7.46 
280.00 281. 00 60569 PE013992 1568 87 205 941 751 7.56 17.61 1.23 2.01 64 1. 63 6.15 
281.00 282.00 60570 PE013992 1568 283 147 781 527 6.08 18.84 0.83 0.74 57 0.89 7.33 
282.00 283.00 60571 PE013992 1568 416 147 803 481 6.15 19.30 0.76 0.63 55 0.83 8.09 
283.00 284.00 60573 FE013992 1568 632 192 801 931 6.11 18.58 1. 02 0.97 52 0.95 5.99 
284.00 285.00 60574 PE013992 156.8 439 131 1073 364 5.81 18.73 0.65 0.44 55 0.68 8.94 
285.00 286.00 60575 PE013992 1568 334 112 977 279 5.75 18.77 0.57 0.33 52 0.58 10.09 
286.00 287.00 60576 PE013992 1568 424 155 1099 454 5.94 18.69 0.78 0.57 54 0.73 7.62 
287.00 288.00 60577 PE013992 1568 400 133 1236 372 5.74 18.77 0.63 0.44 62 0.70 9.11 
288.00 289.00 60578 PE013992 1568 347 125 1140 297 5.74 18.65 0.47 0.33 59 0.70 12.21 
289.00 290.00 60579 PE013992 1!j68 220 125 1182 347 6.00 18.72 0.49 0.31 53 0.63 12.24 
290.00 291. 00 60580 PE013992 1568 99 125 1427 411 5.92 17.00 0.52 0.54 63 1. 04 11. 38 
291.00 292.00 60581 PE013992 1568 85 122 1302 404 6.07 17.25 0.50 0.49 55 9. 98 12.14 
292.00 293.00 60582 PE013992 1568 17 134 2065 758 6.56 16.02 0.85 1. 05 69 1. 24 7.72 
293.00 294.00 60583 PE013992 1568 40 148 1970 702 6.99 15.64 0.82 1. 09 70 1. 33 8.52 
294.00 295.00 60584 PE013992 1568 22 92 1869 113 6.81 15.33 0.21 0.043 66 0.20 32.43 
295.00 296.00 60585 PE013992 1568 166 133 793 85 5.56 17.13 0.28 0.04 48 0.14 19.86 
296.00 297.00 ·60586 PE013992 1568 174 154 2037 188 5.71 16.56 0.33 0.18 61 0.55 17.30 
297.00 298.00 60587 PE013992 1568 50 202 1704 505 6.96 16.33 0.93 1. 75 50 1. 88 7.48 
298.00 299.00 60589 PE013992 1568 5 1.24 6715 208 6.11 16.06 0.49 0.38 138 0.78 12.47 
299.00 300.00 60590 PE013992 1568 12 103 1009 32 4.79 17.94 0.21 0.37 38 1. 76 22.81 
300.00 301. 00 60591 PE013992 1568 5 78 772 25 4.43 18.32 0.19 0.24 34 1. 26 23.32 
301. 00 302.00 60592 PE013992 1568 5 89 1014 23 4.87 17.97 0.19 0.34 38 1. 79 25.63 
CONTINUED••• 
BSD052A CONTINUED 
FROM TO LITHOLOGY FROM TO SAMPLE LAB JOB PX As Co Cr CU Fe Mq Ni S Zn S:Ni Fe:Ni 
(m) (m) (m) (m) NUMBER NO NO % % % % 
302.00 303.00 60593 PE013992 1568 5 88 1152 17 4.98 17.70 0.20 0.31 37 1. 55 24.90 
303.00 304.00 60594 PE013992 1568 5 102 894 25 5.29 16.85 0.20 1. 00 36 5.00 26.45 
304.00 305.00 60595 PE013992 1568 5 87 1382 41 5.33 16.57 0.19 0.40 44 2.11 28.05 
305.00 306.00 45967 PE013991 1569 38 73 841 28 5.14 16.18 0.19 0.04 41 0.21 27.05 
306.00 307.00 45968 PE013991 1569 66 112 984 95 7.38 17.35 0.34 1. 00 46 2.94 21. 71 
307.00 308.00 45969 PE013991 1569 34 128 959 1050 7.19 16.82 0.67 0.45 50 0.67 10.73 
308.00 308.87 45970 PE013991 1569 54 119 1194 130 8.91 16.33 0.63 0.90 48 1. 43 14.14 
308.87 309.00 MAG/CR 308.87 309.00 45971 PE013991 1569 15 3536 23900 6139 38.30 3.78 0.85 25.70 465 30.24 4S.06 
309.00 316.86 MS 309.00 310.00 45972 PE013991 1569 15 6126 835 6583 43.98 0.15 5.45 43.60 14 8.00 8.07 
310.00 311. 00 45973 PE013991 1569 319 1411 582 2523 46.89 0.18 13.10 37.30 22 2.85 3.58 
311. 00 312.00 45974 PE013991 1569 42 1447 513 3084 47.25 0.05 14.10 37.10 18 2.63 3.35 
312.00 313.00 45975 PE013991 1569 5 189~ 464 4164 47.07 0.06 14.80 39.30 26 2.66 3.18 
313.00 314.00 45976 PE013991 1569 113 2197 395 4262 46.03 0.08 14.20 39.90 31 2.81 3.24 
314.00 315.00 45977 PE013991 1569 269 2330 682 6822 45.94 0.05 14.60 39.70 68 2.72 3.15 
315.00 316.00 45978 PE013991 1569 1270 1748 779 4559 45.47 0.10 13.90 36.70 80 2.64 3.27 
316.00 316.86 45979 PE013991 1569 2430 3057 397 7181 44.48 0.27 9.47 36.40 74 3.84 4.70 
316.86 318.60 MS 316.86 318.00 45981 PE013991 1569 3540 2477 66 6042 40.20 0.33 11. 00 29.80 82 2.71 3.65 
318.00 318.60 45982 PE013991 1569 7230 2804 17 4696 42.16 0.32 11. 60 29.70 85 2.56 3.63 
318.60 337.00 FV!LAVA 318.60 319.00 45983 PE013991 1569 345 63 45 2196 9.80 0.83 0.28 0.B3 110 2.96 35.00 
319.00 320.00 45984 PE013991 1569 60 29 23 241 7.86 1. 06 0.04 0.24 67 6.00 196.50 
320.00 321.00 45985 PE013991 1569 78 32 19 434 5.21 0.77 0.02 0.23 64 11. 50 260.50 
321.00 322.00 45986 PE013991 1569 27 9 24 85 5.33 0.79 0.01 0.23 60 23.00 533.00 
322.00 323.00 45987 PE013991 1569 29 2 22 675 4.33 1. 20 0.01 0.19 43 . 19.00 433.00 
323.00 324.00 45988 PE013991 1569 161 2 17 289 3.81 0.95 0.02 0.075 31 3.75 190.50 
324.00 325.00 45989 PE013991 1569 B39 11 25 104 3.43 1.15 0.07 0.074 18 1. 06 49.00 
325.00 326.00 45990 PE013991 1569 325 2 7 70 1. 47 0.97 0.03 0.034 9 1.13 49.00 
326.00 327.00 45992 PE013991 1569 39B 6 7 424 1.13 1. 79 0.03 0.053 21 1. 77 37.67 
327.00 328.00 45993 PE013991 1569 1210 40 7 554 1. 46 1.71 0.71 0.60 12 0.85 2.06 
328.00 329.00 45994 PE013991 1569 1540 62 116 2986 2.22 0.98 0.90 0.98 21 1. 09 2.47 
329.00 330.00 45995 PE013991 1569 3230 112 7 2309 3.37 1.15 2.38 2.30 32 0.97 1. 42 
SILVER SWAN NICKEL PROJECT 
DIAMOND DRILL LOGS 
HOLE NORTH EAST AMG RL AZIMUTH DIP LENGTH TENEMENT 
NORTH EAST GRID MAG. 
BS0059 11650.327 10264.926 6637003.853 369883.694 1365.041 270.0 234.0 -60 277.00 M27/200 
AZIMUTH DIP DEPTH TYPE 
270.00 -59.50 0.00 EASTMAN 
270.00 -58.20 34.00 EASTMAN 
270.00 -59.20 64.00 EASTMAN 
270.00 -60.20 87.00 EASTMAN 
270.00 -61.50 126.00 EASTMAN 
270.00 -61.60 159.00 EASTMAN 
271.00 -63.00 189.00 EASTMAN 
270.00 - 63.40 219.00 EASTMAN 
269.00 -64.00 271.00 EASTMAN 
15D059 
i'ROM TO LITHOLOGY FROM TO SAMPLE LAB JOB PX As Co Cr CU Fe Mq Ni S Zn S:Ni Fe:Ni 
(m) (m) (m) (m) NUMBER NO NO % % % % 
).00 6.00 LAT 
,.00 12.00 Fe/CLAY 
l2.00 18.00 SAP/FPO 
l8 .00 46.00 SAP/FPO 
16.00 58.00 SAP/FPO 
i8.00 64.00 FPO/PW 
,4.00 72.00 FPO/MLITH/BRECCIA 
72.00 74.00 FPO/PW 
14.00 90.00 FPO/MLITH/BRECCIA 
~O. 00 90.85 TA/CRB/PW 
~O. 85 93.90 TA/CRB/SW 
n.90 97.30 TA/CRB 
37.30 99.50 TA/CRB/PW 
39.50 102.60 TA/CRB 
102.60 104.10 TA/CRB/PW 
104.10 106.00 CORE LOSS 
106 .. 00 107.00 TA/CRB/CW 
107.00 112.00 CORE LOSS 
112.00 114.70 TA/CRB/CW 
114.70 119.60 TA/CRB/PW 
119.60 126.15 TA/CRB/CW 
126.15 130.95 TA/CRB/HW 
130.95 132.65 TA/CRB 
132.65 136.60 TA/CRB/HW 
136.60 138.10 FPO 
138.10 141.20 TA/CRB/HW 
141.20 144.10 TA/CRB 
144.10 159.00 TA/CRB/HW 
159.00 164.30 TA/CRB/HW 
164.30 170.05 TA/CRB 
170.05 170.60 TA/CRB/HW 
170.60 171. 80 TA/CRB 
171.80 176.35 TA/CRB/HW 
176.35 178.05 TA/CRB 
178.05 190.25 TA/CRB/CW 
190.25 191.20 TA/CRB 
191.20 196.80 TA/CRB/HW 
196.80 198.90 TA/CRB 
198.90 217.50 TA/CRB/HW 










































rnOM TO LITHOLOGY FROM TO SAMPLE LAB JOB PX As Co Cr Cu Fe Mg Ni S Zn s:Ni Fe:Ni 
(m) (m) (m) (m) NUMBER NO NO % % % % 
230.00 231. 00 60535 PE013878 1567 17 221 207 402 4.94 20.71 0.85 1. 88 37 2.21 5.81 
231. 00 231. 79 60536 PE013878 1567 13 207 198 360 4.88 20.78 0.79 1.96 33 2.48 6.18 
231. 79 233.00 60537 PE013878 1567 14 180 237 204 3.97 20.85 0.91 1. 66 34 1. 82 4.36 
233.00 234.10 60539 PE013878 1567 13 193 193 305 4.66 21.10 0.84 1. 61 33 1. 92 5.55 
234.10 239.00 TA/CRB 234.10 235.00 60540 PE013878 1567 13 200 203 465 4.78 20.80 0.96 1. 69 40 1. 76 4.98 
235.00 236.00 60541 PE013878 1567 13 231 148 666 5.19 20.59 1.12 1. 61 47 1. 44 4.63 
236.00 237.00 45926 PE013877 1566 38 239 165 709 5.71 19.15 1. 31 2.30 60 1. 76 4.36 
237.00 238.00 45927 PE013877 1566 16 256 182 843 5.47 19.39 1. 48 2.52 76 1. 70 3.70 
238.00 239.00 45928 PE013877 1566 25 297 237 1221 6.46 18.73 1. 95 3.71 70 1. 90 3.31 






























241.00 242.00 45931 PE013877 1566 39 528 146 1905 7.89 17.70 3.56 7.03 52 1. 97 2.22 
242.00 243.00 45932 PE013877 1566 33 537 219 1842 9.91 16.32 3.52 7.84 58 2.23 2.82 
243.00 244.00 45933 PE013877 1566 31 570 216 1716 10.05 16.27 3.53 6.54 78 1. 85 2.85 
244.00 245.00 45934 PE013877 1566 26 515 237 1252 10.13 16.83 3.10 6.65 85 2.15 3.27 
245.00 246.00 45935 PE013877 1566 21 548 273 1286 10.19 16.35 3.46 6.95 68 2.01 2.95 
246.00 247.00 45936 PE013877 1566 20 551 210 1124 10.83 16.88 3.30 7.45 62 2.26 3.28 
247.00 248.19 ·45938 PE013877 1566 27 602 185 1876 10.12 16.33 3.82 8.59 61 2.25 2.65 
248.19 248.42 45939 PE013877 1566 22 432 390 2304 10.41 17.51 3.60 6.56 63 1. 82 2.89 
248.42 249.28 45940 PE013877 1566 36 650 259 2231 10.71 15.55 4.68 9.49 59 2.03 2.29 
249.28 250.00 45941 PE013877 1566 18 352 222 1820 6.57 18.60 2.46 4.23 51 1.72 2.67 
250.00 250.80 45942 PE013877 1566 14 444 268 1764 7.37 17.64 3.20 5.42 55 1. 69 2.30 
250.80 250.97 5M5 250.80 250.97 45943 PE013877 1566 112 1902 237 4326 25.05 6.30 12.70 27.39 46 2.16 1. 97 






























252.20 252.44 45946 PE013877 1566 63 1133 1431 5395 15.69 12.35 8.15 15.40 167 1. 89 1. 93 
252.44 253.00 45947 PE013877 1566 23 283 390 1346 6.06 19.41 2.07 3.21 49 1. 55 2.93 
253.00 254.00 45948 PE013877 1566 21 348 319 1209 6.29 18.21 2.49 4.00 42 1. 61 2.53 
254.00 255.00 45949 PE013877 1566 24 408 367 1365 7.26 18.21 2.60 5.13 40 1. 97 2.79 
255.00 256.00 45950 PE013877 1566 27 413 498 1516 7.80 17.90 2.65 5.37 55 2.03 2.94 
256.00 256.92 45951 PE013877 1566 35 359 824 1929 8.32 19.14 2.57 4.35 55 1. 69 3.24 
































257.85 258.06 45954 PE013877 1566 89 897 1271 1696 13.10 15.57 6.30 12.65 128 2.01 2.08 























































260.34 260.58 45960 PE013877 1566 35 421 423 1057 6.76 18.25 5.31 5.01 35 0.94 1. 27 
260.58 261.73 45961 PE013877 1566 5 40 759 273 4.86 19.29 0.32 0.078 31 0.24 15.19 
































































































































































































































































































SILVER SWAN NICKEL PROJECT 
DIAMOND DRILL LOGS 
HOLE NORTH EAST AMG RL AZIMUTH DIP LENGTH TENEMENT 
NORTH EAST GRID MAG. 
B5D079 13199.891 10379.730 6638329.039 369073.228 1371.122 270 234 -58.0 403.00 M27/200 
AZIMUTH DIP DEPTH TYPE 
270.00 -58.00 0.00 EASTMAN 
269.50 -58.00 35.00 EASTMAN 
269.00 -56.20 65.00 EASTMAN 
268.80 -57.00 71. 00 EASTMAN 
268.00 -55.90 94.00 EASTMAN 
268.50 -55.70 106.00 EASTMAN 
269.00 -55.70 142.00 EASTMAN 
269.00 -55.70 172.00 EASTMAN 
268.00 -55.60 214.00 EASTMAN 
269.00 -55.60 250.00 EASTMAN 
270.50 -55.40 286.00 EASTMAN 
269.00 -55.60 316.00 EASTMAN 
269.00 -55.70 349.00 EASTMAN 





FROM TO LITHOLOGY FROM TO SAMPLE LAB JOB PX As Co Cr Cu Fe Mg Ni S Zn S:Ni Fe:Ni 
(m) (m) (m) (m) NUMBER NO NO % % % % 
142.00 143.00 72232 PE017539 1774 170 125 1408 49 8.63 6.35 0.14 0.40 107 2.86 61.64 
143.73 157.00 CRB/KOM/SPX/SHEAR 143.00 144.00 72233 PE017539 1774 104 92 1049 50 8.27 4.02 0.05 0.095 99 1. 90 165.40 
157.00 190.00 TA/eRB 157.30 156.00 72571 PE018448 1783 12 98 1636 98 7.64 14.85 0.09 0.067 115 0.74 84.89 
158.00 159.00 72572 PE018448 1783 5 99 1330 41 7.52 15.40 0.11 0.029 98 0.26 68.36 
159.00 160.00 72573 PE018448 1783 5 95 1247 43 5.74 15.14 0.14 0.029 55 0.21 41.00 
160.00 161.00 72574 PE018448 1783 10 109 1257 50 6.14 15.49 0.13 0.80 53 6.15 47.23 
161. 00 162.00 72575 PE018448 1783 5 101 971 32 5.75 16.58 0.16 1. 08 49 6.75 35.94 
162.00 163.00 72576 PE018448 1783 5 97 758 41 5.07 16.87 0.15 0.28 45 1. 87 33.80 
163.00 164.00 72577 PE018448 1783 5 109 958 25 5.32 18.31 0.17 0.25 42 1. 47 31.29 
164.00 165.00 72578 PE018448 1783 5 105 1086 35 5.12 18.22 0.18 0.13 44 0.72 28.44 
165.00 166.00 72579 PE018448 1783 5 105 1022 27 5.51 18.31 0.18 0.055 44 0.31 30.61 
166.00 167.00 72580 PE018448 1783 5 103 1019 16 5.60 18.97 0.18 0.019 46 0.11 31.11 
167.00 168.00 72581 PE018448 1783 5 104 1132 21 5.80 18.98 0.18 0.021 50 0.12 32.22 
168.00 169.00 72582 PE018448 1783 5 106 1158 36 5.63 18.92 0.18 0.019 50 0.11 31. 28 
190.00 193.43 FPO 
193.43 196.75 CRB/TA 
196.75 222.60 RHO (PORP) /SHEAR 
222.60 269.98 MICRO SXN 
269.98 273.31 FPO 
273.31 305.15 TA/CRB 
305.15 306.70 FI 
306.70 313.30 TA/CRB 
313.30 314.00 CHL/LAMP 
314.00 330.00 TA/CRB 
330.00 330.60 CHL/LAMP 
330.60 373.82 TA/CRB 355.00 356.00 72234 PE017539 1774 5 94 511 2 3.42 21. 86 0.22 0.012 24 0.05 15.55 
356.00 357.00 72235 PE017539 1774 5 102 575 2 3.59 21. 47 0.25 0.013 25 0.05 14.36 
357.00 358.00 72236 PE017539 1774 5 98 554 2 3.28 21. 34 0.24 0.01 29 0.04 13.67 
358.00 359.00 72237 PE017539 1774 5 106 583 2 3.39 22.09 0.24 0.014 28 0.06 14.13 
359.00 360.00 72238 PE017539 1774 5 109 515 2 3.23 21. 98 0.25 0.012 25 0.05 12.92 
360.00 361. 00 72239 PE017539 1774 5 109 1622 2 3.45 21. 49 0.25 0.012 46 0.05 13.80 
361. 00 362.00 72240 PE017539 1774 5 100 2400 27 3.38 21. 71 0.21 0.013 40 0.06 16.10 
362.00 363.00 72241 PE017539 1774 5 105 2265 2 3.43 21.17 0.22 0.013 31 0.06 15.59 
363.00 364.00 72242 PE017539 1774 5 104 2942 2 3.75 21. 30 0.22 0.014 40 0.06 17.05 
364.00 365.00 72243 PE017539 1774 5 114 2854 4 4.47 22.56 0.21 0.013 36 0.06 21.29 
365.00 366.00 72244 PE017539 1774 5 106 2639 28 4.24 20.59 0.21 0.011 40 0.05 20.19 
366.00 367.00 72245 \ PE017539 1774 5 107 2564 2 3.96 19.62 0.21 0.013 41 0.06 18.86 
367.00 368.00 72246 PE017539 1774 5 111 3188 2 4. 05 20.77 0.21 0.011 49 0.05 19.29 
368.00 369.00 72247 PE017539 1774 5 106 2010 2 3.93 20.64 0.19 0.011 38 0.06 20.68 
369.00 370.00 72248 PE017539 1774 5 108 1565 2 3.87 20.30 0.16 0.011 26 0.07 24.19 
370.00 371. 00 72249 PE017539 1774 5 97 1399 2 4.25 20.19 0.19 0.011 35 0.06 22.37 
371.00 372.00 72250 PE017539 1774 5 96 2247 2 4.39 20.10 0.19 0.017 41 0.09 23.11 
372.00 373.00 72251 PE017539 1774 5 106 1798 9 5.12 19.90 0.19 0.035 46 0.18 26.95 

























Zn S:Ni. Fe:Ni 






































































































































































SILVER SWAN NICKEL PROJECT 
" DIAMOND DRILL LOGS 
HOLE NORTH EAST AMG RL AZIMUTH DIP LENGTH TENEMENT 
NORTH EAST GRID MAG. 
B50082 11250 10578 6636861.381 370371.375 1364.50 270 234 -65 760 
AZIMUTH DIP DEPTH TYPE 
270.00 -65.00 0.00 EASTMAN 
269.00 -64.80 35.00 EASTMAN 
268.00 -64.30 62.00 EASTMAN 
267.70 -64.30 68.00 EASTMAN 
267.20 -64.50 79.00 EASTMAN 
267.00 -64.50 81. 00 EASTMAN 
267.00 -64.20 121. 00 EASTMAN 
269.00 -64.20 151. 00 EASTMAN 
271.00 -64.00 181. 00 EASTMAN 
270.00 -63.90 211. 00 EASTMAN 
271. 00 -63.90 241. 00 EASTMAN 
272.00 -63.40 271. 00 EASTMAN 
273.00 -63.00 301. 00 EASTMAN 
274.00 -63.00 331. 00 EASTMAN 
272.00 -62.70 361. 00 EASTMAN 
273.80 -62.30 391. 00 EASTMAN 
273.00 -62.00 421. 00 EASTMAN 
273.50 -62.00 457.00 EASTMAN 
274.00 -61. 60 490.00 EASTMAN 
273.90 -61.30 520.00 EASTMAN 
274.00 -61. 00 550.00 EASTMAN 
273.50 -60.70 580.00 EASTMAN 
273.90 -60.00 616.00 EASTMAN 
274.10 -60.00 646.00 EASTMAN 
274.00 -59.80 676.00 EASTMAN 
274.50 -59.50 706.00 EASTMAN 
276.50 -59.20 736.00 EASTMAN 




FROM TO LITHOLOGY FROM TO SAMPLE LAB JOB PX As Co Cr Cu Fe Mq Ni S Zn S:Ni Fe:Ni 
(m) (m) (m) (m) NUMBER NO NO % % % % 
0.00 5.00 SIL 
5.00 13.00 SAP/ (F? I 
13.00 17.00 SAP/CLAY 
17.00 22.00 SAP 
22.00 43.00 SAP/TA/CRB 
43.00 63.00 CW/TA/CRB 
63.00 81. 00 TA/CRB 
81. 00 123.93 CRB/TA 
123.93 152.61 TA/CRB 
152.61 175.47 CRB/TA 
175.47 229.18 TA/CRB 
229.18 280.35 SERP 
280.35 367.00 TA/CRB 
367.00 403.00 CRB/TA 
403.00 448.00 TA/CRB 447.00 448.00 72452 PE018449 1784 5 81 534 11 3.73 18.50 0.21 0.002 18 0.01 17.76 
448.00 529.00 TA/CRB/SULPH 448.00 449.00 72453 PE018449 1784 5 81 598 12 3.83 19.38 0.24 0.002 20 0.01 15.96 
449.00 450.00 72454 PE018449 1784 23 121 579 108 4.24 18.50 1. 67 0.68 19 0.41 2.54 
450.00 451. 00 72455 PE018449 1784 21 158 903 177 4.52 18.38 2.67 1. 52 32 0.57 1. 69 
451. 00 452.00 72456 PE018449 1784 24 144 675 225 4.71 18.68 2.71 1. 68 22 0.62 1. 74 
452.00 453.00 72457 PE018449 1784 17 90 613 86 4.16 18.55 0.72 0.20 28 0.28 5.78 
453.00 454.00 72458 PE018449 1784 5 67 573 260 4.13 18.67 0.50 0.07 22 0.14 8.26 
454.00 455.00 72459 PE018449 1784 12 121 607 425 3.76 17.92 1. 44 0.80 20 0.56 2.61 
455.00 456.00 72460 PE018449 1784 19 121 489 170 4.10 20.30 1. 42 0.75 19 0.53 2.89 
456.00 457.00 72461 PE018449 1784 20 96 533 59 4.18 20.50 0.59 0.16 21 0.27 7.08 
457.00 458.00 72462 PE018449 1784 22 95 598 33 4.34 20.20 0.36 0.016 21 0.04 12.06 
458.00 459.00 72463 PE018449 1784 11 80 589 9 4. 06 19.24 0.30 0.01 30 0.03 13.53 
459.00 460.00 72464 PE018449 1784 15 84 576 26 4.14 20.70 0.31 0.01 20 0.03 13.35 
460.00 461.00 72465 PE018449 1784 17 121 548 82 4.06 19.98 1.16 0.45 22 0.39 3.50 
461. 00 462.00 72466 PE018449 1784 14 83 504 19 4.07 20.10 0.39 0.033 32 0.08 10.44 
462.00 463.00 72467 PE018449 1784 19 92 510 24 3.86 20.50 0.43 0.025 25 0.06 8.98 
463.00 464.00 72469 PE018449 1784 21 94 480 30 3.74 20.62 0.45 0.038 21 0.08 8.31 
464.00 465.00 72470 PE018449 1784 16 82 500 42 4.14 21. 40 0.42 0.022 24 0.05 9.86 
465.00 466.00 72471 PE018449 1784 14 97 508 473 4.39 21. 31 0.90 0.35 26 0.39 4.88 
466.00 467.00 72472 PE018449 1784 18 146 536 879 4.19 20.09 2.04 1. 27 26 0.62 2.05 
467.00 468.00 72473 PE018449 1784 18 132 556 471 4.26 20.82 1. 67 0.87 18 0.52 2.55 
468.00 469.00 72474 PE018449 1784 13 141 437 1170 3.92 16.46 2.46 1. 63 20 0.66 1.59 
469.00 470.00 72475 PE018449 1784 11 82 552 414 4.49 19.17 0.84 0.29 30 0.35 5.35 
470.00 471.00 72476 PE018449 1784 12 132 512 436 4.28 20.51 1. 32 0.67 22 0.51 3.24 
471. 00 472.00 72477 PE018449 1784 5 87 440 285 3.77 20.50 0.57 0.18 17 0.32 6.61 
472.00 473.00 72478 PE018449 1784 11 120 430 306 3.80 20.50 0.75 0.32 17 0.43 5.07 
473.00 474.00 72479 PE018449 1784 16 86 475 140 4. 06 21. 81 0.39 0.039 17 0.10 10.41 
474.00 475.00 72480 PE018449 1784 16 89 499 67 4.02 21. 56 0.40 0.068 20 0.17 10.05 
475.00 476.00 72481 PE018449 1784 11 97 558 50 3.92 21. 98 0.42 0.10 22 0.24 9.33 























Zn S:Ni Fe:Ni 
477.00 478.00 72483 PE018449 1784 5 85 550 39 3.86 21. 33 0.36 0.31 24 0.86 10.72 
478.00 479.00 72484 PE018449 1784 5 94 515 31 3.97 21. 99 0.39 0.30 21 0.77 10.18 
479.00 480.00 72485 PE018449 1784 22 94 508 29 3.97 21. 94 0.40 0.086 24 0.22 9.93 
480.00 481. 00 72 48.6 PE018449 1784 21 98 498 24 3.97 21. 86 0.41 0.072 22 0.18 9.68 
481. 00 482.00 72487 PE018449 1784. 2.4 89 420 25 3.75 21. 58 0.41 0.07 21 0.17 9.15 
482.00 ·483.00 72488 PE018449 1784 15 89 426 35 3.99 20.99 0.37 0.08 21 0.22 10.78 
483.00 484.00 72489 PE018449 1784 17 88 469 22 3.67 21. 27 0.37 0.037 24 0.10 9.92 
484.00 485.00 72.490 ; PE018449 1784 11 90 468 16 4.02 20.93 0.36 0.064 23 0.18 11.17 
485.. 00 486.00 7?491 PE018449 1784 20 94 476 21 3.79 21. 84 0.37 0.05 19 0.14 10.24 
486.00 487.00 72492 PE018449 1784 11 86 538 18 3.63· 21. 28 0.36 0.10 24 0.28 10.08 
487.00 488.00 72493 PE018449 1784 11 ·87 463 17 3.94 21.11 0.34 0.12 22 0.35 11. SS 
488.00 489.00 72494· PE018449 1784· 19 93 460 16 3.75 21. 91 0.33 0.053 18 0.16 11. 3E 
489.00 490.00 72495 PE018449· 1784 16 102 424 14 3.82 21. 27 0.29 0.097 19 0.33 13. 1 ~ 
490.00 491.00 72496 PE018449 1784 17 94 464 17 3.74 21.34. 0.28 0.099 18 0.35 13.3E 
491. 00 492.00 72497 PE018449 1784 16 93 493 19 3.66 21. 46 0.30 0.072 17 0.24 12.2( 
492.00 493.00 72498 PEO.18449 1784 16 100 476 19 3.62 21. 28 0.27 0.17 22 0.63 13.41 
493.00 494.00 72499 PE018449 1784 5 90 541 25 3.59 21.75 0.26 0.069 16 0.27 13.8: 
494.00 495.00 72501 PE018449 1784 15 105 536 18 3.65 19.31 0.23 0.069 35 0.30 15.8' 
495.00 496.00 72502 PE018449 1784 5 97 407 34 3.44 20.30 0.28 0.047 20 0.17 12.2! 
496.00 497.00 72503 PE018449 1784 10 102 434 37 3.53 20.98 0.29 0.071 20 0.24 12.1' 
497.00 498.00 72504 PE018449 1784 10 100 431 72 3.70 20.88 0.46 0.46 22 1. 00 8.04 
498.00 499.00 72505 PE018449 1784 5 76 494 83 3.84 21. 39 0.31 0.063 17 0.20 12 . 3~ 
499.00 500.00 72506 PE018449 1784 5 131 444 101 3.64 21.60 0.55 0.30 23 0.55 6.62 
500.00 501. 00 72507 PE018449 1784 5 104 649 245 3.97 20.91 0.53 0.28 17 0.53 7.49 
501.00 502.00 72508 PE018449 1784 18 258 670 382 5.26 19.23 0.60 1. 86 3D 3.10 8.77 
502.00 503.00 72509 PE018449 1784 5 166 583 266 4.69 18.44 0.52 0.61 40 1.17 9.02 
503.00 504.00 72510 PE018449 1784 5 200 651 409 5.17 16.61 1. 00 0.99 32 0.99 5.17 
504.00 505.00 72511 PE018449 1784 66 214 673 404 5.56 17.57 0.83 1. 66 28 2.00 6.70 
505.00 506.00 72512 PE018449 1784 77 213 793 425 5.35 17.34 0.73 1. 21 35 1. 66 7.33 
506.00 507.00 72513 PE018449 1784 81 221 663 346 5.16 18.03 1. 22 1. 52 29 1. 25 4.23 
507.00 508.00 72514 PE018449 1784 26 199 592 467 4.73 18.88 1. 24 1. 05 37 0.85 3.81 
508.00 509.00 72515 PE018449 1784 42 179 580 354 4.93 17.93 0.95 1. 03 33 1. 08 5.19 
509.00 510.00 72516 PE018449 1784 41 166 643 224 4.79 18.86 0.77 0.98 27 1. 27 6.22 
510.00 511. 00 72517 PE018449 1784 27 127 637 135 4.31 19.55 0.44 0.54 26 1. 23 9.80 
511.00 512.00 72518 PE018449 1784 22 147 605 171 4.42 18.11 0.74 1.10 26 1. 49 5.97 
512.00 513.00 72519 PE018449 1784 22 128 649 178 4.47 18.64 0.50 0.76 20 1. 52 8.94 
513.00 514.00 72520 PE018449 1784 14 117 694 100 4.04 19.39 0.40 0.49 39 1. 23 10.1 
514.00 515.00 72521 PE018449 1784 36 190 637 213 5.15 18.31 0.76 1.19 16 1. 57 6.78 
515.00 516.00 72522 PE018449 1784 27 166 540 163 4.73 18.35 0.46 0.53 12 1.15 10.2 
516.00 517.00 72523 PE018449 1784 51 239 700 288 5.60 18.31 0.76 1. 38 15 1. 82 7.37 
517 . 00 518.00 72524 PE018449 1784 19 262 746 375 5.54 17.38 0.94 1. 24 16 1. 32 5.8S 
518.00 519.00 72525 PE018449 1784 5 184 652 198 4.88 18.05 0.59 0.64 19 1. 08 8.27 
519.00 520.00 72526 PE018449 1784 5 109 669 136 4.32 18.58 0.24 0.10 17 0.42 18.C 
520.00 521.00 72527 PE018449 1784 5 153 739 175 4.84 19.39 0.48 0.27 14 0.56 10.C 
CONTINUE 
BSD082 CONTINUED 
FROM TO LITHOLOGY FROM TO SAMPLE LAB JOB PX As Co Cr Cu Fe Mg Ni. S Zn S:Ni Fe:Ni 
(m) (m) (m) (m) NUMBER NO NO % % % % 
521.00 522.00 72528 PE018449 1784 5 153 759 210 4. 63 19.70 0.53 0.31 17 0.58 8.74 
522.00 523.00 72529 PE018449 1784 10 148 707 214 4.38 19.97 0.47 0.25 18 0.53 9.32 
523.00 524.00 72530 PE018449 1784 5 126 507 149 3.85 19.61 0.46 0.19 69 0.41 8.37 
524.00 525.00 72532 PE018449 1784 5 112 558 63 3.86 19.81 0.37 0.089 13 0.24 10.43 
525.00 526.00 72533 PE018449 1784 17 134 557 196 4.18 19.88 0.52 0.20 17 0.38 8.04 
526.00 527.00 72534 PE018449 1784 5 108 557 156 3.93 18.13 0.68 0.36 15 0.53 5.78 
527.00 528.00 72535 PE018449 1784 5 110 547 36 3.49 19.40 0.39 0.084 17 0.22 8.95 
528.00 529.00 72536 PE018449 1784 11 95 551 14 3.37 21. 04 0.27 0.022 17 0.08 12.48 
529.00 551.43 CRB/TA 529.00 530.00 72537 PE018449 1784 5 93 560 7 3.33 20.18 0.25 0.034 19 0.14 13.32 
530.00 531.00 72538 PE018449 1784 5 80 411 27 2.95 18.22 0.18 0.043 16 0.24 16.39 
531. 00 532.00 72539 PE018449 1784 5 98 535 7 3.47 20.09 0.21 0.087 16 0.41 16.52 
551.43 566.02 TA/CRB 556.00 557.00 72540 PE018449 1784 16 130 493 107 3.95 19.29 0.41 0.11 25 0.27 9.63 
557.00 558.00 72541 PE018449 1784 21 177 547 405 4.22 18.97 0.61 0.19 24 0.31 6.92 
558.00 559.00 72542 PE018449 1784 5 121 527 83 4.37 20.70 0.37 0.021 22 0.06 11.81 
559.00 560.00 72543 I?E018449 1784 5 114 522 129 4.37 19.80 0.43 0.061 21 0.14 10.16 
560.00 561. 00 72544 I?E018449 1784 14 154 557 93 4.30 19.70 0.55 0.075 23 0.14 7.82 
561.00 562.00 72545 I?E018449 1784 5 128 479 88 3.98 18.85 0.28 0.06 24 0.21 14.21 
566.02 568.36 FI 
568.36 687.30 TA/CRB 
687.30 692.00 FPO 
692.00 733.49 CRB/TA 712.00 713.00 72547 I?E018449 1784 5 105 604 84 4.03 18.19 0.19 0.017 21 0.09 21. 21 
713.00 714.00 72548 I?E018449 1784 5 101 474 8 3.78 17.96 0.18 0.042 19 0.23 21.00 
714.00 715.00 72549 I?E018449 1784 5 82 450 6 3.25 16.42 0.18 0.035 25 0.19 18.06 
715.00 716.00 72550 I?E018449 1784 5 83 446 91 3.40 15.64 0.17 0.024 24 0.14 20.00 
716.00 717.00 72551 I?E018449 1784 5 90 594 7 3.58 17.50 0.18 0.01 19 0.06 19.89 
717.00 718.00 72552 PE018449 1784 5 112 615 5 3.44 18.40 0.19 0.022 19 0.12 18.11 
718.00 719.00 72553 I?E018449 1784 5 121 602 6 3.50 19.21 0.20 0.006 19 0.03 17 .50 
719.00 720.00 72554 I?E018449 1784 5 121 544 18 3.61 18.67 0.19 0.057 18 0.30 19.00 
720.00 721. 00 72555 PE018449 1784 5 118 554 42 3.68 18.26 0.19 0.092 14 0.48 19.37 
721. 00 722.00 72556 PE018449 1784 5 115 535 15 3.30 19.00 0.20 0.031 20 0.16 16.50 
722.00 723.00 72557 PE018449 1784 5 114 422 7 3.16 19.41 0.19 0.005 21 0.03 16.63 
723.00 724.00 72558 PE018449 1784 5 96 601 9 3.20 20.00 0.22 0.006 19 0.03 14 .55 
724.00 725.00 72559 PE018449 1784 5 94 744 17 3.33 19.43 0.19 0.007 27 0.04 17.53 
725.00 726.00 72560 PE018449 1784 5 92 564 28 3.07 19.09 0.20 0.005 23 0.03 15.35 
726.00 727.00 72561 I?E018449 1784 5 98 570 11 2.89 19.09 0.21 0.007 20 0.03 13.7€ 
727.00 728.00 72562 PE018449 1784 5 95 527 6 3.21 18.63 0.20 0.008 18 0.04 16.05 
728.00 729.00 72563 PE018449 1784 5 92 522 19 3.55 18.08 0.19 0.016 16 0.08 18.6E 
729.00 730.00 72564 PE018449 1784 5 95 542 26 3.80 18.18 0.19 0.007 20 0.04 20.0( 
730.00 731.00 72565 I?E018449 1784 5 100 527 6 3.96 18.65 0.20 0.015 22 0.08 19.8( 
731.00 732.00 72566 PE018449 1784 5 97 541 32 3.83 18.39 0.19 0.01 24 0.05 20.11 
733.49 760.00 FV 732.00 733.55 72567 PE018449 1784 20 126 738 41 4.30 15.00 0.20 0.35 32 1. 75 21.5( 
733.55 735.00 72568 I?E018449 1784 20 73 48 32 1. 75 1. 91 0.01 0.012 44 1. 20 175. / 
735.00 736.00 72569 I?E018449 1784 80 109 41 59 1. 43 1. 35 0.01 0.015 31 1. 50 143.1 
SILVER SWAN NICKEL PROJECT 
DIAMOND DRILL LOGS 
HOLE NORTH EAST AMG RL AZIMUTH DIP LENGTH TENEMENT 
NORTH EAST GRID MAG. 
B5D086 10849.80 10599.66 6636549.059 370622.360 1361.56 270 234 -66 457 
AZIMUTH DIP DEPTH TYPE 
270.00 -66.00 0.00 EASTMAN 
269.00 -65.70 35.00 EASTMAN 
267.50 -66.00 65.00 EASTMAN 
266.00 -66.80 83.00 EASTMAN 
264.50 -66.70 94.00 EASTMAN 
265.30 -66.40 124.00 EASTMAN 
265.00 -66.40 157.00 EASTMAN 
267.30 -66.20 187.00 EASTMAN 
268.00 -66.40 199.00 EASTMAN 
273.90 -66.00 203.50 EASTMAN 
274.00 -66.10 209.00 EASTMAN 
272.80 -66.80 238.00 EASTMAN 
272.80 -66.90 262.00 EASTMAN 
272.80 -67.10 289.00 EASTMAN 
273.00 -67.10 319.00 EASTMAN 
273.00 -67.10 349.00 EASTMAN 
273.50 -67.10 379.00 EASTMAN 
274.10 -67.10 409.00 EASTMAN 
275.50 -67.00 457.00 EASTMAN 
:~': . 
BSD086 
FROM TO LITHOLOGY FROM TO SAMPLE LAB JOB PX As Co Cr CU Fe Hg Ni S Zn S:Ni Fe:Ni 
(m) (m) (m) (m) NUMBER NO NO % % % % 
0.00 9.00 LAT 
9.00 22.00 Fe/CLAY 
22.00 27.00 CLAY 
27.00 36.00 SAP/CLAY 
36.00 40.00 QTZ 
40.00 66.00 SAP/TA/CRB 
66.00 69.00 SW/TA/CRB 
69.00 84.00 TA/CRB 
84.00 85.90 TA/CRB 
85.90 91. 04 KOM/oSTX 
91. 04 106.10 TA/CRB 94.00 95.00 72846 PEOl.9034 1791 5 82 961 10 5.57 14.95 0.14 0.002 29 0.01 39.79 
95;00 96.00 728.47 PE019034 1791 5 83 863 12 4.73 16.02 0.19 0.002 26 0.01 24.89 
96.00 97.00 72848 PE019034 1791 5 83 778 14 4.67 17.33 0.21 0.002 26 0.01 22.24 
97.00 : 98 ~ 00 72849 .PEO~9034 1791 5 90 866 16 4.77 16.88 0.22 0.002 31 0.01 21.68 
98.00 99.00 72850· PE019034 1791 5 94 1610 100 6.24 14.95 0.12 0.002 56 0.02 52.00 
99.00 100.00 72851 PE019034 1791 12 100 1787 244 6.76 14.75 0.10 0.002 66 0.02 67.60 
100.00 101.00 72852 PE019034 1791 5 90 1641 154 7.20 14.42 0.10 0.002 70 0.02 72.00 
101. 00 102.00 72853 PE019034 1791 5 114 1659 32 7.05 14.12 0.09 0.002 53 0.02 78.33 
102.00 103.00 72854 PE019034 1791 5 III 2808 68 6.00 15.12 0.15 0.002 51 0.01 40.00 
103.00 104.00 72855- PE019034 1791 5 81 791 30 4.84 15.71 0.17 0.02 30 0.12 28.47 
104.00 105.00 72856 PE019034 1791 5 77 583 22 4.48 15.36 0.18 0.03 24 0.17 24.89 
105.00 106.10 72857 PE019034 1791 5 73 773 23 4. 20 13.30 0.16 0.113 30 0.71 26.25 
106.10 123.87 TA!CRB/oSTX 106.10 107.00 72859 PE019034 1791 5 90 1767 24 6.96 13.04 0.12 0.006 63 0.05 58.00 
107.00 108.00 72860 PEo19034 1791 5 77 1130 25 4.80 12.56 0.14 0.017 47 0.12 34.29 
108.00'109.00 72861 PE019034 1791 5 79 1121 26 4.74 12.20 0.15 0.022 48 0.15 31.60 
109.00 110.00 72862 PE019034 1791 5 79 1400 50 5.88 11. 50 0.11 0.04 65 0.36 53.45 
110.00 111.00 72863 PE019034 1791 5 108 2724 93 7.58 7.46 0.12 0.48 88 4. 00 63.17 
111.00 112.00 72864 PE019034 1791 41 146 2630 94 8.80 7.46 0.20 0.78 122 3.90 44. 00 
112.00 113.00 72865 PE019034 1791 20 134 3140 102 7.98 6.32 0.14 0.074 129 0.53 57.00 
113.00 114.00 72866 PE019034 1791 5 80 2939 112 7.35 5.30 0.09 0.06 191 0.67 81. 67 
114.00 115.00 72867 PE019034 1791 49 139 2868 97 12.77 6.16 0.19 0.28 161 1.47 67.2 
115.00 116.00 72868 PE019034 1791 34 168 3103 67 13.95 6.74 0.26 0.17 181 0.65 53.65 
116.00117.00 72869 PE019034 1791 14 131 3482 . 126 10.53 4.85 0.16 0.07 244 0.44 65.81 
117.00 118.00 72870 PE019034 1791 29 123 3400 107 9.62 2.75 0.12 0.25 207 2.08 80.1i 
118.00 119.00 72871 PE019034 1791 25 219 3309 115 6.58 3.26 0.13 0.04 181 0.31 50.6. 
119.00 120.00 72872 PE019034 1791 136 245 3293 107 5.73 2.56 0.13 0.18 138 1. 38 44. Of 
120.00 121.00 72873 PE019034 1791 11 135 2682 62 11. 85 5.50 0.19 0.32 169 1. 68 62. 3~ 
121. 00 121. 42 72874 PEo19034 1791 37 182 1075 200 18.44 6.72 0.17 13.60 110 80.00 108. ' 
121.42 123.00 72875 PEo19034 1791 88 77 2724 102 7.02 4.38 0.10 0.29 213 2.90 70.2( 
123.00 123.87 72876 PEo19034 1791 101 107 2129 95 19.51 5.06 0.14 0.89 245 6.36 139. : 
123.87 143.80 FV!SULPH 123.87 125.00 72877 PE019034 1791 5 15 79 21 8.45 1. 96 0.03 0.18 90 6.00 281.1 
125.00 126.00 72878 PE019034 1791 5 24 49 53 10.47 2.51 0.02 0.23 62 11. 50 523. ! 
126.00 127.00 72879 PE019034 1791 5 30 30 27 14.01 3.13 0.02 0.10 81 5.00 700. ~ 






FROM TO LITHOLOGY FROM TO SAMPLE LAB JOB PX As Co Cr en Fe Mq Ni S Zn S:Ni Fe:Ni 
(m) (m) (m) (m) NUMBER NO NO % % % % 
128.00 129.00 72881 PE019034 1791 14 75 33 15 6.15 1. 35 0.03 0.11 82 3.67 205.01 
129.00 130.00 72882 PE019034 1791 14 51 28 24 5.64 1. 35 0.03 0.18 78 6.00 188.01 
143.80 147.27 KOM 
147.27 166.10 FV/DULPH 
166.10 173.20 KOM/FV 
173.20 182.00 FV/SULPH 
182.00 183.80 KOM/FV 
183.80 193.00 KOM/oSTX 
193.00 199.00 CRB/TA 
199.00 203.50 NAVI DRILL 
203.50 207.55 TA/CRB/oSTX 
207.55 210.80 FV/KOM 
210.80 313.00 TA/CRB 
313.00 319.00 SHEAR/TA/CRB 
319.00 352.80 TA/CRB 
352.80 354.84 SHEAR/TA/CRB 
354.84 378.22 AND DYKE 
378.22 401.27 TA/CRB 385.00 386.00 72884 PE019034 1791 5 114 769 19 4.83 18.64 0.24 0.008 41 0.03 20.1: 
386.00 387.00 72885 PE019034 1791 5 104 843 9 4.80 18.34 0.24 0.01 40 0.04 20.0( 
387:00 388.00 72886 PE019034 1791 5 101 746 12 4.59 17.92 0.23 0.02 42 0.09 19.9' 
388.00 389.00 72887 PE019034 1791 5 1U 811 15 5.05 19.30 0.24 0.007 42 0.03 21. 0' 
389.00 390.00 72888 PE019034 1791 5 102 858 17 4.90 18.91 0.24 0.005 44 0.02 20.4: 
390'.00 391. 00 72889 PE019034 1791 5 100 767 47 4.36 17.58 0.22 0.009 4.1 0.04 19.8: 
391.00 392.00 72890 PE019034 1791 5 92 653 20 4.23 18.11 0.22 0.008 40 0.04 19.2: 
392.00 393.00 72891 PE019034 1791 5 107 790 11 4.79 18.6'l 0.25 0.08 36 0.32 19.1 
393.00 394.00 72892 PE019034 1791 5 87 741 20 4.50 17.04 0.20 0.005 37 0.03 22.5' 
394.00 395.00 72893 PE019034 1791 5 97 835 22 4.73 17.79 0.23 0.007 45 0.03 20.5 
395.00 396.00 72894 PE019034 1791 22 110 1007 72 4.80 15.17 0.22 0.53 50 2.41 21.8 
396.00 397.00 72895 PE019034 1791 28 97 1236 31 5.13 16.75 0.22 0.012 53 0.05 23.3 
397.00 398.00 72896 PE019034 1791 50 95 813 26 5.09 16.41 0.22 0.009 42 0.04 23.1 
398.00 399.00 72897 PE019034 1791 156 91 858 30 4. 53 13 .87 0.19 0.011 38 0.06 23.8 
399.00 400.00 72898 PE019034 1791 637 93 1077 31 4. 76 11. 83 0.18 0.04 16 0.22 26.4 
401.27 457.00 FV 400.00 401. 30 72899 PE019034 1791 655 119 1921 48 7.84 9.23 0.18 0.08 110 0.44 43.5 
401. 30 402.00 72900 PE019034 1791 60 27 89 39 2.02 0.83 0.02 0.011 52 0.55 101. 
402.00 403.00 76001 PE019034 1791 14 9 28 32 1. 78 0.67 0.01 0.05 43 5.00 178. 
403.00 404.00 76002 PE019034 1791 5 9 18 20 2.77 1. 03 0.01 0.14 57 14.00 277. 
404.00 405.00 76003 PE019034 1791 10 13 7 5 2.90 0.94 0.01 0.006 55 0.60 290. 
405.00 406.00 76004 PE019034 1791 20 12 7 7 1. 69 0.46 0.01 0.013 37 1. 30 169. 
/ 
. . 
. SILVER SWAN NICKEL PROJECT 
DIAMOND DRIlL LOGS 
HOLE NORTH EAST AMG RL AZIMUTH DIP LENGTH TENEMENT 
NORTH EAST GRID MAG. 
BSD088 20000 20190 6636212i140 370675.600 1360.52 270 270 -70 366.5 














-70.00 0.00 EASTMAN 
-69.00 35.00 EASTMAN 
-69.30 65.00 EASTMAN 
-69.30 91. 00 EASTMAN 
-69.50 121.00 EASTMAN 
-69.90 151. 00 EASTMAN 
-69.00 181.00 EASTMAN 
-70.00 211. 00 EASTMAN 
-69.90 241.00 EASTMAN 
-70.20 277.00 EASTMAN 
-69.70 307.00 EASTMAN 
-69.70 334.00 EASTMAN 
-70.10 364.00 EASTMAN 
, :~:. 
BSD088 
FROM TO LITHOLOGY FROM TO SAMPLE LAB JOB PX As Co Cr CU Fe Mq Ni S Zn S:Ni Fe:N: 
(m) (m) (m) (m) NUMBER NO NO % % % % 
0.00 3.00 SOIL 
3.00 11. 00 LAT 
11. 00 29.00 Fe/CLAY 
29.00 40.00 CW/FV? 
40.00 58.00 CW/KOM? 
58.00 66.00 CRB/KOM? 
66.00 81. 30 CRB/KOM? 
81. 30 85.23 KOM/FLOW TOP SEQ 81. 30 82.30 76052 PE019228 1793 155.0 140 2196 65 10.35 5.90 0.14 0.850 132 6.07 73.9 
82.30 83.30 76053 PE019228 1793 186.0 122 1878 91 9.75 5.80 0.15 0.830 128 5.53 65.0 
83.30 84. 30 76054 PE019228 1793 256.0 .118 1755 61 7.35 6.63 0.14 0.300 125 2.14 52.5 
84.30 85.23 76055 PE019228 1793 167.0 105 1520 69 7.41 6.50 0.11 0.610 303 5.55 67.3 
85.23 86.52 KOM/FLOW 85.23 86.52 76056 PE019228 1793 178.0 130 2006 105 7.78 6.37 0.15 1.120 288 7.47 51.8 
86.52 87.97 FV 86.52 87.97 76057 PE019228 1793 33.0 8 76 19 3.69 3.74 0.01 1.100 35 110.00 369. 
87.97 96.00 KOM/PxSTX? 87.97 89.00 76058 PE019228 1793 77.0 52 841 37 6.23 8.90 0.06 0.490 56 8.17 103. 
89.00 90.00 76059 PE019228 1793 150.0 86 1303 73 6.11 8.14 0.10 0.130 73 1. 30 61.1 
90.00 91.00 76060 PE019228 1793 165.0 90 1339 59 5.89 9.53 0.10 0.020 64 0.20 58.9 
91. 00 92.00 76061 PE019228 1793 160.0 94 1127 66 5.74 11.00 0.09 0.002 61 0.02 63.7 
92.00 93.00 76062 PE019228 1793 227.0 110 1490 77 6.91 11. 20 0.11 0.002 77 0.02 62.8 
93.00 94.00 76063 PE019228 1793 196.0 101 1377 58 6.69 11.40 0.11 0.002 71 0.02 60.8 
94.00 95.00 76064 PE019228 1793 206.0 93 1370 81 6.69 10.80 0.12 0.002 74 0.02 55.7 
95.00 96.00 76065 PE019228 1793 202.0 84 1528 57 6.79 12.20 0.11 0.002 72 0.02 61. 7 
96.00 98.55 TA/CRB/PxSTX 96.00 97.00 76066 PE019228 1793 158.0 102 1516 69 7.15 13.90 0.12 0.002 75 0.02 59.5 
98.55 120.36 TA/CRB 
120.36 122.10 TA/CRB/WEATH/STX 
122.10 131. 70 TA/CRB 
131.70 321.60 TA/CRB 313.00 314.00 76042 PE019228 1793 5.0 102 1868 66 6.10 16.10 0.17 0.002 61 0.01 35.8 
314.00 315.00 76043 PE019228 1793 5.0 102 1766 43 6.33 16.10 0.16 0.002 53 0.01 39.5 
315.00 316.00 76044 PEOl9228 1793 13.0 111 1825 70 6.28 16.00 0.17 0.002 57 0.01 36.9 
316.00 317.00 76045 PE019228 1793 10.0 95 1725 44 5.95 15.90 0.15 0.002 55 0.01 39.6 
317.00 318.00 76046 PEOl9228 1793 5.0 88 1792 .42 5.88 15.00 0.16 0.002 53 0.01 36.7 
318.00 319.00 76047 PE019228 1793 5.0 93 1655 55 6.16 15.00 0.15 0.002 61 0.01 41.0 
319.00 320.00 76048 PE019228 1793 5.0 71 1402 32 6.28 13.30 0.12 0.002 55 0.02 52.3 
320.00 321.60 76049 PE019228 1793 70.0 96 1729 32 7.20 11. 20 0.12 0.090 81 0.75 60.0 
321. 60 335.40 FV 321. 60 322.40 76050 PE019228 1793 35.0 41 298 44 3.07 2.64 0.03 0.040 45 1.33 102. 
335.40 366.50 CRB/KOM 
SILVER SWAN NICKEL PROJECT 
DIAMOND DRILL LOGS 
HOLE NORTH EAST AMG RL AZIMUTH DIP LENGTH TENEMENT 
NORTH EAST GRID MAG. 
BSD088A 20000 20190 6636212.140 370675.600 1360.52 270 270 -70 438 
WEDGED OF BSD88 






















FROM TO LITHOLOGY FROM TO SAMPLE LAB JOB PX As Co Cr CU Fe Hq Ni S Zn S:Ni Fe:Ni 
Cm) (m) (m) (m) NUMBER NO NO % % % % 
360.30 366.00 CRB/KOM? 
366.00 367.70 ROCK ROLLER/FAULT 
367.70 410.73 CRB/KOM? 399.00 400.00 76068 PE019482 1794 190.0 101 2043 60 7.23 10.59 0.13 0.002 86 0.02 55. 6~ 
400.00 401. 00 76069 PE019482 1794 204.0 97 1631 42 6.66 11.10 0.12 0.002 83 0.02 55.5( 
401. 00 402.00 76070 PE019482 1794 138.0 81 1474 52 6.24 11. 04 0.11 0.002 71 0.02 56.7: 
402.00 403.00 76071 PE019482 1794 85.0 96 1587 49 7.10 13.25 0.12 0.002 73 0.02 59.1' 
403.00 404.00 76072 PE019482 1794 76.0 76 1316 31 6.17 13.09 0.11 0.002 68 0.02 56. O~ 
404.00 405.00 76073 PE019482 1794 60.0 80 1594 31 6.74 12.94 0.12 0.002 76 0.02 56.1' 
405.00 406.00 76074 PE019482 1794 87.0 87 1355 38 6.05 12.48 0.11 0.002 68 0.02 55.01 
406.00 407.00 76075 PE019482 1794 179.0 81 1389 29 6.13 12.90 0.11 0.080 65 0.73 55.7: 
407.00 408.00 76076 PE019482 1794 294.0 77 1322 39 5.68 11. 46 0.10 0.002 60 0.02 56.81 
408.00 409.00 76077 PE019482 1794 141. 0 162 2450 226 9.40 7.72 0.13 0.002 131 0.02 72.3 
409.00 410.00 76078 PE019482 1794 158.0 142 2025 142 8.87 4.92 0.10 0.002 113 0.02 88.7 
410.00 410.73 76079 PE019482 1794 316.0 168 1917 106 6.65 3.17 0.08 0.080 159 1. 00 83.1 
410.73 438.00 FV 410.73 412.00 76080 PE019482 1794 36.0 20 49 26 1.18 0.66 0.01 0.002 16 0.20 118. 
412.00 413.00 76081 PE019482 1794 16.0 16 20 35 1. 29 0.61 0.01 0.002 16 0.20 129. 
413.00 414.00 76082 PE019482 1794 5.0 11 16 24 1. 55 0.66 0.00 0.002 18 
SILVER SWAN NICKEL PROJECT 
· " DIAMOND DRILL LOGS 
HOLE LOCAL AMG RL AZIMUTH DIP LENGTH TENEMENT 
ID NORTH EAST NORTH EAST GRID MAG. 
BSD092 11899.824 10563.766 6637380.724 .369980.838 1365.604 270 234 -60 598 M27/200 
AZIMUTH DIP DEPTH TYPE COMMENT 
270.00 -60.00 0.00 EASTMAN 
269.00 -60.10 34.00 EASTMAN 
268.00 -60.80 64.00 EASTMAN 
267.50 -60.60 88.00 EASTMAN 
267.50 -60.90 118.00 EASTMAN 
268.00 -60.50 148.00 EASTMAN 
267.00 -60.50 178.00 EASTMAN 
268.20 -61.00 208.00 EASTMAN 
269.00 -61.00 238.00 EASTMAN 
268.90 -61.00 268.00 EASTMAN 
268.80 -61. 00 298.00 EASTMAN 
269.00 -61.00 328.00 EASTMAN 
269.50 -60.80 367.00 EASTMAN 
269.20 -61.00 391.00 EASTMAN 
269.20 -61. 00 421.00 EASTMAN 
269.50 -61.40 451.00 EASTMAN 
270.50 -61. 40 481.00 EASTMAN 
270.50 -61.80 511.00 EASTMAN 
269.00 -62.00 541.00 EASTMAN 
271.00 -61. 80 571.00 EASTMAN 
271. 0 -61.20 598.00 EASTMAN 
BSD092 
FROM TO LITHOLOGY FROM TO SAMPLE LAB JOB PX As Co Cr Cu Fe Mg Ni S Zn s:Ni Fe:Ni 
Cm) Cm) (m) (m) NUMBER NO NO % % % % 
0.00 7.00 CALC 0.00 2.00 83788 PE023073 2224 17 24 807 44 12.39 0.63 0.02 42 619.5( 
2.00 4. 00 83789 PE023073 2224 24 52 522 44 9.19 1. 64 0.04 39 229.7~ 
4.00 6.00 83790 PE023073 2224 39 105 585 46 9.95 5.83 0.08 39 124.31 
7.00 8.00 LAT 6.00 8.00 83791 PE023073 2224 83 80 1396 71 21.95 1.19 0.19 76 115.5 
8.00 27.00 CLAY 8.00 10.00 83792 PE023073 2224 43 66 2144 102 18.57 4.81 0.26 86 71.42 
10.00 12.00 83793 PE023073 2224 30 67 1540 51 9.78 4.09 0.28 80 34.93 
12.00 14.00 83794 PE023073 2224 26 75 1733 22 15.59 7.99 0.28 58 55.68 
14.00 16.00 83795 PE023073 2224 29 77 2242 25 15.29 6.46 0.24 80 63.71 
16.00 18.00 83796 PE023073 2224 47 61 2743 28 18.36 5.41 0.20 80 91. 80 
18.00 20.00 83797 PE023073 2224 37 32 1379 54 11. 90 1.62 0.08 50 148.7 
20.00 22.00 83798 PE023073 2224 28 74 2509 49 13 .07 5.71 0.20 89 65.35 
22.00 24.00 83799 PE023073 2224 18 142 2635 108 10.71 6.87 0.28 129 38.25 
24.00 26.00 83800 . PE023073 2224 5 1353 1863 131 4.68 6.96 0.45 188 10.40 
27.00 28.00 26.00 28.00 83801 PE023073 2224 11 714 1464 28 6.07 9.06 0.42 210 14.45 
28.00 35.00 SAP/TA/CRB 28.00 30.00 83802 PE023073 2224 11 195 1057 11 5.50 3.66 0.30 141 18.33 
30.00 32.00 83803 PE023073 2224 5 139 947 9 5.66 2.98 0.28 101 20.21 
32.00 34. 00 83804 PE023073 2224 5 88 1291 15 5.71 4.29 0.31 164 18.42 
35.00 37.00 PW!TA!CRB 34.00 36.00 B3B05 PE023073 2224 5 98 963 6 4.15 14.41 0.34 105 12.21 
36.00 38.00 83806 PE023073 2224 5 82 545 2 2.90 20.21 0.24 38 12.0S 
37.00 69.00 TA/CRB 3B.00 40.00 B3B07 PE023073 2224 5 96 515 2 2.60 19.B1 0.25 40 10.4C 
40.00 42.00 83B08 PE023073 2224 5 95 465 2 2.77 20.38 0.27 27 10.2E 
42.00 44.00 83809 PE023073 2224 5 92 473 2 2.97 20.21 0.26 36 11. 4~ 
44.00 46.00 83810 PE023073 2224 12 9B 523 2 2.61 21. 35 0.27 41 9.67 
46.00 48.00 83811 PE023073 2224 5 100 457 2 2.42 20.B1 0.26 36 9.31 
48.00 50.00 83812 PE023073 2224 5 105 487 2 2.40 21. 54 0.26 41 9.23 
50.00 52.00 83813 PE023073 2224 5 112 500 4 2.3B 20.53 0.26 56 9.15 
52.00 54.00 B3B14 PE023073 2224 5 96 455 2 2.00 20.38 0.26 54 7.69 
54.00 56.00 B3B15 PE023073 2224 5 79 430 6 1. 94 20.00 0.26 61 7.46 
56.00 5B.00 B3B16 PE023073 2224 11 91 468 6 2.00 20.71 0.25 73 8.00 
58.00 60.00 83817 PE023073 2224 14 85 476 5 2.01 21.42 0.26 6B 7.73 
60.00 62.00 83818 PE023073 2224 12 84 600 2 2.15 19.79 0.25 61 8.60 
62.00 64.00 83819 PE023073 2224 5 B3 564 2 2.39 21.1B 0.26 103 9.19 
64.00 66.00 B3B20 PE023073 2224 5 B7 568 2 2.28 21. 08 0.27 63 8.44 
66.00 68.00 83821 PE023073 2224 5 98 592 2 2.81 19.69 0.24 45 11. 7 
68.00 69.00 83B22 PE023073 2224 5 90 880 11 4. 21 17.09 0.25 83 16.8 
69.00 265.20 TA/CRB 
265.20 268.00 QTZ/CRB/KOM 
268.00 331.00 FV/MLITH/CLASTIC/BRECCIA 
331. 00 351.90 FV/MLITH/90HEnENT/LAVA? 
351.90 352.80 CRB/FV/KOM/SHEAR 
352.80 355.00 CRB!TA 
355.00 356.80 FPO/MSYN 
356.80 358.50 QTZ/CRB/VEINED/WEATH/KOM 



































FROM TO SAMPLE LAB JOB PX As Co er eu Fe Mg Ni S Zn s:Ni Fe:Ni 
(m) (m) NUMBER NO NO % % % % 
SILVER SWAN NICKEL PROJECT 
DIAMOND DRILL LOGS 
HOLE LOCAL AMG RL AZIMUTH DIP LENGTH TENEMENT 
ID NORTH EAST NORTH EAST GRID MAG. 
BSP112 12852.168 10231. 760 6637960.381 369155.848 1375.370 268.22 232.22 -65.07 586.00 M27/200 
AZIMUTH DIP DEPTH TYPE COMMENT 
268.22 -65.07 0.00 DEMAG 
268.89 -64.48 10.00 DEMAG 
269.33 -64.72 20.00 DEMAG 
270.37 -65.16 30.00 DEMAG 
269.94 -65.00 40.00 DEMAG 
271. 40 -64.91 50.00 DEMAG 
270.96 -65.00 60.00 DEMAG 
268.96 -64.76 80.00 DEMAG 
270.72 -65.06 90.00 DEMAG 
270.30 -64.77 110.00 DEMAG 
270.00 -64.91 120.00 DEMAG azimuth adjusted 
270.00 -65.04 130.00 DEMAG azimuth adjusted 
269.84 -64.86 140.00 DEMAG 
270.22 -64.63 160.00 DEMAG 
270.00 -64.61 170.00 DEMAG azimuth adjusted 
270.00 -64.74 180.00 DEMAG azimuth adjusted 
270.00 -64.49 190.00 DEMAG azimuth adjusted 
270.00 -64.37 200.00 DEMAG azimuth adjusted 
270.00 -64.27 210.00 DEMAG azimuth adjusted 
270.00 -64.09 220.00 DEMAG azimuth adjusted 
270.00 -64.09 230.00 DEMAG azimuth adjusted 
269.70 -64.15 240.00 DEMAG azimuth adjusted 
269.70 -63.84 250.00 DEMAG azimuth adjusted 
269.70 -63.77 260.00 DEMAG azimuth adjusted 
269.70 -63.67 270.00 DEMAG azimuth adjusted 
269.70 -63.55 280.00 DEMAG azimuth adjusted 
269.70 -63.47 290.00 DEMAG azimuth adjusted 
269.70 -63.36 300.00 DEMAG azimuth adjusted 
269.70 -63.26 310.00 DEMAG azimuth adjusted 
269.70 -63.60 320.00 DEMAG azimuth adjusted 
269.70 -63.34 340.00 DEMAG azimuth adjusted 
269.70 -63.18 350.00 DEMAG azimuth adjusted 
269.70 -63.09 360.00 DEMAG azimuth adjusted 
269.70 -63.20 370.00 DEMAG azimuth adjusted 
269.70 -63.38 390.00 DEMAG azimuth adjusted 










































































SILVER SWAN NICKEL PROJECT 






FROM TO LITHOLOGY tROM TO SAMPLE LAB JOB PX As Co Cr Cu Fe Mq Ni S Zn S : Ni Fe Ni 
(m) (m) (m) (m) NUMBER NO NO ppm ppm ppm 'ppm % % % % ppm 
0.00 5.00 LAT 
5.00 12.00 SAP CLAYS/FELSIC 
12.00 32.00 MW PHYRIC FELSIC 
32.00 39.00 SW PHYRIC FELSIC 
39.00 45.00 PHYRIC fELSIC 
45.00 120.00 TA/CRB 
120.00 145.00 TA/CRB 
145.00 159.90 CRB/TA/2-4mm/Ooc 
159.90 204.80 TA/CR8/3-5mm/Ooc 
204.80 222.00 TA/CRB/SP/1-3mm/Ooc 
222.00 294.40 SP/1-4mm/Ooc 
294.40 331.70 TA/CR8/SP 
331.70 368.70 SP/1-3mm/Ooc 
368.70 379.40 CR8/TA/1-3mm/Ooc 
379.40 398.00 SP/l-3mm/Ooc 
398.00 426.00 CRB/TAll-3mm/Ooc 
426.00 426.40 CHL/DYKE? 
426.40 427.70 TA/KOM 
427.70 442.00 CR8/TA/1-3mm/Ooc 
442.00 469.50 TA/CR8 
466.00 467.00 101855 WM034366 2385 <10 105 1162 61 5.00 14.59 0.18 0.010 32 0.06 27.78 
467.00 468.00 101856 WM034366 2385 11 104 1533 20 5.08 15.07 0.16 0.008 38 0.05 31.75 
468.00 468.70 101857 WM034366 2385 <10 83 1071 46 5.00 12.03 0.12 0.003 37 0.03 41. 67 
468.70 469.50 101858 WM034366 2385 <10 71 1103 38 4.89 9.27 0.08 0.005 53 0.06 61.12 
469.50 483.00 tv/CRYSTAL/LITHIC/BRECCIA 
469.50 470.00 101859 WM034366 2385 <10 9 26 9 1.12 1. 32 0.00 0.122 15 
470.00 471.00 101860 WM034366 2385 <10 7 13 <5 0.85 1. 16 0.00 7 
471.00 472.00 101861 WM034366 2385 <10 5 <10 <5 0.72 1. 35 0.00 6 
483.00 488.70 FI 
488.70 489.05 TA/CRB/KOH 
489.05 513.45 FI 
513.45 552.05 tv 
552.05 560.85 FI 
560.85 586.00 tv/CRYSTAL/LITHIC BRECCIA 
:- ' 
BSDl12 
FROM TO SAMPLE LAB JOB PX Al Ca Mn Ti Zr 
(m) (m) NUMBER NO NO % ppm ppm ppm ppm 
466.00 467.00 101855 WM034366 2385 1.18 16423 869 173 12 
467.00 468.00 101856 WM034366 2385 1. 00 14787 1069 159 11 
468.00 468.70 101857 WM034366 2385 1.84 33032 811 167 17 
468.70 469.50 101858 WM034366 2385 4.16 44971 746 1281 37 
469.50 470.00 101859 WM034366 2385 6.49 21530 212 3219 125 
470.00 471.00 101860 WM034366 2385 7.50 19968 118 3953 147 
471. 00 472.00 101861 WM034366 2385 7.43 23614 124 4179 143 

--
Rockname related to rocktype code 23/02/2001 
j,W~:]i~i]I[!~l:~~iM;p.;~:@[~~!!:i!i:! ;li!:il:i\!:i!jlii]!!~il:lil:!!irll[;i:i,[li;I[:~i:I!1[~fi!.~[lij[II![I!!:![!'iii,[!"il:!:liil%:[!i[,!i[i~:ili:ilim,1;p~1j:~r~~a~!-t~~~~Jj'~!ID.;~;ii:lil:ii~II:III!I!I:ii:lri:liiiill:!lilliil!llili;iliilll;lillllilliilll!!il:III!lllflli[lil!i!l!ili;tl~lllilll!ill!lli!lilliililIlrlllllll 
$M Massive sulfide 
$M + UKM Massive sulfide + kornatiite flow margin material 
---.-------~---------------------"'-------------------------1 
$M Cl'S Massive sulfide with skeletal chromite 
$Mbxfp Massive sulfidebxfp 
$Mcr Massive sulfide with skeletal chromite 
----- ..."..-----.,------ ..- - ,----------------------1 
$MCrS Massive sulfide with skeletal chrornite 
$Mfi Massive sulfide with felsic inclusions 1--_- ~-~~~C,----'-'---:....:.~-'----'---'----'---------------------1 
$Mfi/$Mt Massive sulfide with felsic inclusions/Massive sulfidet 
...---.- -----.--------.-. .-'-.'----------.-----------1 
$Mfp Massive sulfide with felsic plumes 
f---------- - ..-.-----------.--'------.--.------------------\ 
$Mfp froltl Massive sulfide wiltl felsic plume froltl 
$Mfp/Contacl diff Massive sulfide with felsic plumes/Contact diffuse 
$Mfp/Conlact sha Massive sulfide with felsic plumes/Contact sharp ..
-----------'--------1 
!.~fpCr.§._._____~~~~~~.sulfi<i~~ith.!.~!sicplumes .an_d_s.__k_e_le__t_a_1_ch_f_,o_m_i_te -1 
$MfpUmi Massive sulfide with felsic plumesUmi 
$Mr Massive sulfide ribbon textured pn segregations 
$Mrii . Massive sulfide, ribbon textured, felsic inclusions 1-._-.._-_.._......._.. _--+-_.._------_.._-_.__..__._---.-..__._.----------.--------
$Mrfp Massive sulfide, ribbon textured, felsic plumes
------------------1 $Mrt Massive sulfide, ribbon and trellis textured 
$Mt Massive sulfide, trellis textured 
$Mtfp Massive sulfide, trellis textured, felsic plumes
.~'-----'---------------------I 
$Mtr Massive sulfide, trellis to ribbon textured 
-_._-----_. 
$Vein/UoOC Massive sulfide vein in olivine orthocumulate 
F felsic rock, undifferentiated
-.------.--j-----'---c:-------,---,-----,---,-----,---,----------'------------1
F$ felsic rock, undifferentiated with sulfide (pyrite) 
-_.----------'--------------'-'-~.---'---------------___1 
F(Fbxrn?) Felsic, undifferentiated; possibly Fbxm 
F(Fi-alkaline?) (scarce feldspar rnicro-toscanite?) 
Fi!b~L.__ ___. (pl~~~~las~.dacite-lith!~ br~ccia?) . . . _ 
F(pm) .. _... _ ~~Isic rock, ..t:!.f.1..~~fere~tiat~d: partial r:!le!!.~ .. .__. _ 
F+M/Um Felsic mixed wiltl inafic or ultrarnafic, undifferentiated 
F+UKI\.t1 Felsic mixed willl UKM, undifferentiated !---------- ----------'---------_._---------------
F+.Um Felsic rnixed with Um, undifferentiated . . .
-----_. _.. __ . -- ._._._-----------_... - --------
F+Um+vein Felsic mixed with UKM and a vein 




Rocknamerelaled 10 rocklype code 23/02/2001 
felsic rock, undifferentiated; Upper Felsic or Footwall Felsic?
I---:------+-:----,--,----:-'-----,------,--'---'-:-'---,--,.----,----,-------'------------___j
F/I$ ifelsic rock with sulfides (pyrite), undifferentiated; Upper Felsic or Footwall Felsic? 
F/Um Felsicor ultrarnafic? 
FaPP amphibole plagioclase porphyry 
FaPP$+Urn _ ~aPP mixed with Urn and sulfides (pyrite) 
FaPP? Possibly FaPP 
FaPPchil1 Quenched+l- chloritized marins of FaPP 
Fault1'---'-'-'-'------------. -------.---------------------,-----------~-___j 
ifault+Uoc '=.ault zone W!lh Urn fragmer~!~ -, ____1 
FbPP biolile plagioclase porphyry 
Fbx plagioclase-quartz dacite-lithic breccia 
F_b_x_$ R1._r_i_ti c_-'-p la-'g"--.i_oc-'-l_a_s_e-_q'-u_a_rt_z_d acil_e_-I____ __ ______ ithic breccia 
Fbx$+M? Fbx$ mixed with M 
1--------.---- -- ------------------------ - - ----------------.-----------,-------'-----1 
Fbx$+Um Fbx$ mixed with Urn 
Fbx$+UoOC Fbx$ mixed with UoOC 
Fbx+ml Fbx Wiltl magnetile blebs__a__ft_e__I"_-'---p~y_r_it_ic__c_l_a_s_ls_? ~~ ----1 
Fbx+Um Fbx mixed with Urn 
-_..._--
Fbx+vein+Urn? Fbx, veined and mixed with Urn 
FbxlFi plagioclase-quartz dacite-Iitllic breccia or micro-granodiorite 
FbxlFL plagioclase-quartz dacite-Iithic breccia or dacite lava 
Fbxllbx dacite-Iithic breccia; Upper Felsics or Footwall Felsic? 
Fbx? plagioclase-quartz dacite-Iithic breccia? 
Fbxm megacrystic plagioclase-qual1z dacite-Iithic breccia 
Fbxm$ pyritic megacrystic plagioclase-quartz dacite-Iithic breccia 
Fbxm+UKM Fbxm mixed with UKM 
Fbxm+UKS Fbxm mixed wilh UKS 
Fbxm+Urn Fbxm mixed with Urn 
Fbxm-FLm Fbxm..:..:......:w..:..:i..:.:th.:....:..:.fi:...:.ng~e..:..:r:...:.s_o....:f....:F....:L=_· ~ ____,_--------------1 
Fbxm? megacrystic plagioclase-quartz dacite-Iithic breccia? 
Fbxw clast-deformed plagiociase-quartz dacite-lithic breccia 
Felsic Xenomelt? Felsic xenomelt or hybrid mixed melt zone 
Fhybrid? Hybrid F and Urn? _ 
Fi ifelsic intrusive, undifferentiated 
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Fi-alkaline ~carce feldspar rnicro-toscanite
-------------------------1 
Fi-alkaline+Urn Fi-alkaline rnixed with Urn 
Fiap aphyric rnicro-granodiorite 
Fincl elsic inclusion, undifferentiated 
Fincl$ elsic inclusion with .sulfides 
Fincl? fe/sic inclusion?, undifferentiated 
FL plagi;Qclase-quartz dacite 
FL-Fbx FL with lenses of Fbx 
FUFt plagioclase-quartz dacite or felsic tuff 
FUlL plagioclase dacite 
FLrn rnegacrystic plagioclase-quartz dacite 
FLrn? rnegacrystic plagioclase-quartz dacite? 
~.--.-----_--+c.:...:r..!...y..:...st:...a..:...I-.:...:li....:.th-ic.c.....:...la-'p....!.p-il..:...li-st-o..:..n_e -'- --------------1 
Flst$ pyritic crystal-lithic lappillistone 
Flst+Fbx crystal-lithic lappillistone and plagi:oclase-quartz dacite-lithic breccia 
~_Is_l_+f_b_x_$ pyritic crystal-lilt1ic lappillistone and piagioclase-quartz dacite-lithic breccia 
IF,st+Fl crystal-lithic lappillistone and plagioclase crystal tuff· 
Flst+Ft$ pyritic crystal-lithic lappillistone and plagioclase crystal tuff 
Flstrn+Fbxrn rnegacrystic cryslal-Iithic lappillistone and plagioclase-quartz dacite-lithic breccia 
Ft crystal tuff 
Ft$ pyritic crystal tuff
-----------------,------------.------1 
Fl$+Ooc Ft$ rnixed with Urn 
Ft+Fbx crystal tuff and plagioclase-quartz dacile-Iithic breccia 
Ft+Fbx$ pyritic crystal tuff and plagioclase-quartz dacite-Iithic breccia 
Ft+Flst crystal tuff and crystal-lithic lappiHistone 
Ft+Flst$ pyritic crystal tuff and crystal-lithic lappillistone 
Ft? crystal tuff? 
Ftrn+Fbxrn rnegacrystic crystal tuff and plagioclase-quartz dacite-lithic breccia 
Fuchsite Fuchsitic vein rnaterial 
FV ifelsic volcanic, undifferentiated 
FV+$M r:.elsic volcanic; undiff. plus massive sulfide 
IFv+cr Felsic volcanic (xenornelt?) with disserninated skeletal chrornite 





Rockname related to rocktype code 23/02/2001 
Fxenomelt? Felsic volcanic (xenomelt) or hybrid mixed melt zone 
FZ Fault zone 
Footwall Felsic, undifferentiated 
I+UKM I mixed with UKM 
I+Um I mixed with Um 
I+Um? I mixed wittl Urn? 
I/M intermediate or mafic rock? 
I? Footwall Felsic?, undifferentiated 
_Ib_x plagioclase dacite-Iithic breccia
---,-----------
IbX$ pyrite-plagioclase dacite-litllic breccia 
Ibx$+Um Ibx mixed with Um and sui Fides (pyrite) 
Ibx+UKlVlh Ibx mixed with UKMh 
Ibx+Um Ibx mixed wittl Urn 
_._--_ .._--_.- ---------------------~-----_._--_._------------I 
Ibx+Um? Ibx mixed with Urn? 
Ibx-Ibxw plagioclase dacite-lithic breccia and c1ast-deformed breccia 
Ibx-IL 
---_. 
plagioclase dacite-lithic breccia and plagioclase dacite 
. .. _.. ~~._- - - ----------------..., 
Ibx-It plagioclase dacite-lithic breccia and plagioclase crystal tuff 
Ibx/Fbx dacite lithic breccia 
IbxllL plagioclase dacite-Iithic breccia or plagioclase dacite 
Ibx? - plagioclase dacite-lithic breccia? 
Ibxhy 5plintery and blocky clast aphanitic tracyandesite-lithic breccia 
Ibxw clast-deforrned plagioclase dacite-lithic breccia 
Ibxw+Um? c1ast-deforrned plagioclase dacite-lithic breccia +Um? 
Ibxw-IL clast-deformed plagioclase dacite-lithic breccia and plagioclase dacite 
Ibxw? clast-deformed plagioclase dacite-Iithic breccia? 
li intermediate intrusive, undifferentiated 
Ii/lincl intermediate intrusive or inclusion? 
li? intermediate intrusive, undifferentiated? 
lip plagioclase mitrodiorite 
lip+RZ Quenched+/- chloritized marins of lip 
IL . plagioclase dacite 
IL$ ~e=---.Lp~la.:.,;gc.io::....c::..:.l.=.:.as::....e=--=d..:::a...::.c:..::.ite-=--- -~----1 
IL+Um? plagi,oclase dacite + Um 
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IL-Ibx IL with lenses of Ibx 
ILlFL? plagioclase__or plagiociase-quartz dacite 
ILIUm plagiociase dacite or Urn? 
IL? plagioclase -dacite? 
~L?~ pyrite-p!agioclase dacite? ~ _ 
It plagioclase crystal tuff 
It+llst plagioclase crystal tuff and crystal-lithic lapillistone 
It+UKMtl It mixed with UKrvlh 
-----"-.."... - _.._-- ._-------_._.+._--->-.---_..._---_.. 
It+Um It mixed with Urn ----------_.:::....:..'--'--'--'--'~--'--'-----------
It? plagioclase crystal tuff? 
MBM Hi,;:)h Mg Basalt, no texture 
MBSbx Basaltic flow top bx 
MD Dolerite/mafic intrusive 
Mi Mafic intrusive 
Mi/Lamp Mafic intrusive, ?Iamprophyric 
MKSp High Mg Basalt, px ~pinifex texture 
MKSp2 High Mg Basalt, px spinifex texture (A2) 
MZ Mixed zone I 
UKM Komatiite flow margin, qlz-chlor-carb, no texture 
UKM + Crs Kornatiite flow margin, qtz-chlor-carb, no texture, with skeletal chromite 
UKM bx Komatiite flow margin, qtz-chlor-carb, no texture, brecciated 
UKM contarn Komatiite flow rnargin, qtz-chlor-carb, no texture,_contaminated 
UKM vesic Komatiite flow margin, qtz-chlor-carb, vescicular 
UKM/HM Komatiite flow margin, hybridised with feslic fragments or xenomelt-
UKM/HM/MZ Komatiite flow margin, hybridised with feslic fragments or xenomelt _ 
UKM/UKS Komatiite flow margin, possible faint spinifex texture -
UKM/U KS/UoOC Komati ite flow marg in, possible f-=a:..:.in:..:.t-=-s.cpi::..:n~if-=-ex:..:...:cte:..:.x.:.t:=u rc..::e__--'--- ----I 
UKM/UKS? Komatiite flow margin, possible faint spinifex texture ------1 
UKM/UKSo Komatiite flow margin, possible faint olivine spinifex texture 
UKM/UKSo? KOlTlatiite flow margin, possible faint olivine spinifex texture 
UKM/UKSp Komatiite flow margin, possible faint pyroxene spinifex texture 
UKM/UoC Komatiite flow margin or undifferentiated cumulate, no texture 
UKM/UoC undiff Komatiite flow margin or undifferentiated cumulate, no texture 
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UKM/UoOC Komatiite flow margin or undifferentiated orthocumulate, no texture
I---------I--c-~~------::---------=='----~_:__-___,______-_____,____--_____,____-------'--------------_ 
UKM/UoOCf Komatiile flow margin or undifferentiated fine grained orthocumulate, no texture 
I---------I-------,--------,---------,-------"'---------------,--------=---------------'----~-----'-------I 
UKM[$] Komatiite flow margin with disseminated sulfide 
UKMbx Komaliite flow margin, brecciated 
UKMh Komatiile flow margin, hybridised with felsic fragments or xenomelt 
UKOS Spinifex texlured komatiite, olivine spinifex 
UKoS1 Spinifex textured komatiite. olivine spinifex A1 
Ukps2 Spinifex texlured komatiite, pyroxene spinifex A2 
UKS Spinifex textured komatiite, undifferentiated 
UKS contaminate Spinifex textured komatiite, contaminated -
UKS vesic Spinifex textured komatiite. vescicular 
UKS1/2 Spinifex textured kOlllatiite, A1 or 2. olivine or pyroxene 
UKS2 Spinifex textured komatiite, A2, olivine or pyroxene f----------- ---'-------------,--------'-----:-:--''-------,-------'----''------------------------1 
UKSo Spinifex textured komatiite, olivine spinifex 
UKSo vesic Spinifex textured komatiite, olivine spinifex. vescicular 
UKSo/3 __ Spinlfex textured komatiite. olivine spinifex. A_3 ----1 
UKSo[$) Spinifex textured komatiite, olivine spinifex with dissem $
f--------'--'----------------'------------------'----~~-'----------------------_\ 
UKS01 Spinifex textured komatiite, A1, olivine -
UKS01 vesic Spinifex textured komatiite, A1, olivine. vescicular 
UkS01/2 §.eInifex textured _komatiite, A1/A_2-,-,_0_1i_v_in_e ------,- --I 
UKSo1/2/3 §pinif~x textured _ko_m_a:....ti_it_ec.._:....A:....1_/A_2_/_A_3--'-..__o_li_vi_n_e__------,- _I 
UKS02 Spinifex textured komatiite, A2, olivine 
UKS03 Spinifex textured komatiite. A3, olivine 
UKSp Spinifex textured komatiite, pyroxene spinifex A2 
UKSp ves.ic Spinifex textured komatiite. pyroxene spinifex, vescicular 
UKSp1 Spinifex textured komatiite. A1, pyroxene spinifex 
UKSp2 Spinifex textured komaliite, A2, pyroxene spinifex 
UKSV Spinifex trextured veins, irregular, crosscutting cumulates 
Um Undifferentiated ultramafic rock, highly altered 
UoAC Olivine adcumulate 
UoACbm Olivine adcumulate, bimodal, 2-6 mm olivines 
UoACfI--- Olivine adcumulale, <2mm olivines I----_.:..:.:..:~~.::.::~..:.=....:.::.c'___'______=__=__:.:.:.:..:....::..:.:..:..:.:.:..::...=___ '__ - _ 
UoC . Olivine cumulate, undifferentiated 
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:!lr:lmlllillili~~!~'~'M:~!g;iil:!ll;lil!ill:! 
UoC vesic Olivine cumulale, undifferentiated, vescicular
._---
UoC[$] Olivine cumulate, undifferentiated, dissem $ 
-_._----
UoCm Olivine cumulate, undifferentiated, 2-6mrn olivihes 
UoMC Olivine rnesocumulale, undifferentiated 
UoMCbc Olivine rnesocumulate, bimodal, >6rnm olivines 
____0._. _ _ ___.
-_._._------
-_.
UoMCbc[$] Olivine rnesocurnulate, bimodal, >6rnrn olivines, dissem $ 
uOMCbf Olivine rnesocumulate, birnodal, <2 mrn olivines 
UoMCbhm Olivine mesocurnulate, birnodal, hopper grains, 2-6 mm olivines 
Uol\i1Cbrn Olivine rnesocumulale, bimodal, .2-6mm olivine 
UoMCbm[$] Olivine rnesocumulate, bimodal, 2-6mm olivine, dissem $ 
UoMCc Olivine mesocumulate, undifferentiated, >6mm olivine 
UoMCc[$] Olivjne rnesocurnulate, undifferentiated, >6mm olivine, d$ 
UoI\i1Cchc[$] Olivine mesocumulate, coarse hopper, >6mm olivine, d$ 
f------. 
UoMCf Olivine mesocumulate, undifferentiated, <2mm olivine 
UoMChc Olivine mesocumulate, hopper olivines, >6mm olivine 
UoMChm Olivine mesocumulate, hopper olivines, 2-6mm olivine 
-
UoMCm Olivine mesocumulate, undifferentiated, 2-6mm olivine 
UoMCrn[$] Olivine mesocumulate, undifferentiated, 2-6mm olivine, disseminated sulfide 
UoMCmfi Olivine mesocumulate, undifferentiated, fine to 6 mm olivines 
UoMCs Olivine mesocumulate, sago textured 
UoI\i1Cs[$] Olivine rnesocumulate, sago textured, disseminated sulfide 
UoMCsc 
.. 
Olivine mesocumulate, sago textured, >6mm olivine 
UoMCsf Olivine rnesocurnu!ate, sago textured, <2mm olivine 
UoMCsm Olivine mesocumulate, sago textured, 2-6mm olivine 
UoI\t1Csm[$] Olivine mesocumulate, sago textured, 2-6mm olivine, disseminated sulfide 
UoMCwf[$] Olivine mesocumulate, wormy textured, <2mm olivine, disseminated sulfide 
UoOC Oliv'ine orthocumulate, undifferentiated 
UoOC [$] Olivine orthocumulate, undifferentiated, disseminated sulfide 
UoOC vesic Olivine orlhocumulate, undifferentiated, vescicular 
UoOC(Harr) Olivine orthocumulate, harrisitic 
UoOC(harr) vesic Olivine orthocumulate, harrisitic, vesicular, >6 mm olivine 
UoOC(Harr)c Olivine orlhocumulate, harrisitic, >6mm olivine 
UoOC(Harr)f Olivine orthocumulate, harrisitic, <2mm olivine 
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UOOC[$] Olivine orthocumulate, undifferentiated, disseminated sulfide 
r---'-------1------~--------'--------'-------------------_____l 
UoOCb Olivine orthocumulate, bimodal 
f---------- --------------'------------------------------1 
UoOCb[$] Olivine orthocumulate, bimodal, disseminated sulfide 
UoOCbc Olivine orthocumulate, bimodal, >6mm olivine, 
UoOCbc? Olivine orthocumulate, bimodal, >6mm olivine 
UoOCbc[$] Olivine orthocumulate, bimodal, >6mm olivine, disseminated sulfide 
UoOCbf Olivine orthocumulate, bimodal, <2mm olivine, 
UOOCbf[$] Olivine orthocun1ulate, bimodal, <2mm olivine, disseminated sulfide 
Il::JOOCbhc Olivine orthocumulate, bimodal, hopper olivine, >6mrn olivine, 
IUOOCbhC[$] Olivine orthocumulate, bimodal, hopper olivine, >6mm olivine, disseminated sulfide 
UoOCbhm Olivine orthocumulate, bimodal, hopper olivine, 2-6mm olivine, 
UoOCbhqm Olivine orthocumulate, bimodal, hopper olivine, quench olivine, 2-6mm olivine, 
UoOCbhqm/f Olivine orthocumulate, bimodal, hopper olivine,quench olivine, <2-6mm olivine 
UoOCbhvc[$] Olivine orttlOcumulate, bimodal, hopper >6mm olivine, vescicular, disseminated sulfid 
UoOCbm Olivine orthocuniulate, bimodal, 2-6mm olivine, 
UoOCbm[$] Olivine olitlOcumulate, bimodal, 2-6mm olivirie, disseminated sulfide f-----"--'-"--------- -----------'---.--~----____:_~-------------______1 
UoOCbm[$] [$c] Olivine orthocumulate, bimodal, 2-6mm olivirie,.disseminated sulfide clasts 
UoOCbm[$c] Olivine orltlOcumulate, bimodal, 2-6mm olivine, dissem sulfide c1asts 
UoOCbm[$i] Olivine orthocumulate, bimodal, 2-6mm olivirie, dissem sulfide inclusions 
UOOCbm[$p] Olivine orthocumulate, bimodal, 2-6mm olivine, dissem sulfide patches 
UoOCbmf Olivine orthocumulate, bimodal, 2-6mm olivine, <2mm olivine, 
--'------,-----'----~-----____1 
UoOCbp Olivine orthocumulate, bimodal, platey olivine, 
uoOCbq f/c Olivine olihocumulate, bimodal, quench olivine, f/c 
UoOCbq[$] Olivine orthocumulate, bimodal, quench olivine, disseminated sulfide 
UoOCbqf Olivine orthocumulate, bimodal, quench olivine, <2mm olivine, 
UoOCbqf/m Olivine orthocumulate, bimodal, quench olivine, <2mm olivine, Im 
UoOCbqm/c Olivine ortllOcumulate, bimodal, quench olivine, 2->6mm olivine 
UoOCbvm Olivine orthocumulate, bimodal, vm 
.. UoOCbvm[$] Olivine·orthocurnulate, bimodal, vmdisseminated sulfide 
UoOCc Oli'line orthocumulate, >6mm olivine, 
UoOCc/UoMCc Olivine orthocumulate, >6mm olivine, IUoMCc 
.UoOCc[$] Olivine orthocumulate, >6mm olivine, disseminated sulfide 
UoOCcs vesic Olivine orthocumulate, >6mm olivine, sago, vesic 
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UoO~_f Olivir.!.~.~~~o~~!1~~~~-:::~nlTl.~~~_._ ..__ .. _ 
UoOChc Olivlne orthocurnulate, hopper olivine >6mm olivine, 
f------. ----.-. --'--'----------'----------------1 
UoOChc vesic Olivine orthocumulate, hopper olivine >6mm olivine, vescicular 
UoOChc[$] Olivine orthocumulate, hopper olivine >6mm olivine, disseminated sulfide 
--------1 
UoOChc[$] [$0] Olivine orthocumulate, hopper olivine >6mm olivine, disseminated sulfide globules f--. --------------'----'-'----------'---'--------'''------1 
UoOChf Olivine orttlOcumulate, tlOpper olivine <2mmolivine, 
UoOChm Olivine orlhocurnulate, hopper olivine. 2~6mm olivine,r------..---.-,-....:..:...-=-:.....-'----'-----'--'-.:.......J.-'---..:......:...---'-'---'---'--=--:.:....:....:...:....::...'------------------j  
UoOChqc Olivine oltllOcurnulate, hopper olivine quencll olivine, cf-------''---.-.--.-.e-.--.--------'-'-------'----------'----------------1 
UoOChvc [$0] Olivine olthocurnulate, hopper >6mm olivine, vescicular, dissem sulfide 
UoOCm Olivine oltllocurnulate, 2-6mm olivine, 
UoOCrn[$] Olivine orttlOcumulate, 2-6rnm olivine, disseminated sulfide 
UoOCms vesic Olivine orthocumulate, 2-6mm olivine, s vesic . 
UoOCpc Olivine orthocumulate, platey olivine, >6mm olivine, 1----- -_.--- --I-=-'--=-=-----'---'--'-~_=_.:......:..c:...:....:._=_'___ 
UoOCpf Olivine oltllocumulate, platey olivine, <2mm olivine, 
UoOCpm Olivine orthocurnulate, platey olivine, 2-6mm olivine, 
~oOCpvrn__ _ Q!ivine_~!-ttlQ.CU!lll!late, platey 01 ivi~!.~_ln ._--I 
Uoocs Q)_ivine olthocumulate, sago, 
UoOCs vesic Olivine olthocumulate, sago, vescicular 
UoOCs[$] Olivine orthocumulate, sago, disseminated sulfide 
UoOCsc Olivine orthocurnulate, sago, >6mm olivine, 
UoOCsc[$] Olivine orthocumulate, sago, >6mm olivine, disseminated sulfide 
UoOCsf Olivine orthocurnulate, sago, <2mm olivine, 
UOOCsf[$] Olivine orthocumulate, sago, <2mm olivine, disseminated sulfide 
UoOCsm Olivine orthocumulate, sago, 2-6mm olivine, 
UoOCsm/f Olivine orthocumulate, sago, 2-6mm olivine, /f 
UoOCsm[$] Olivine orthocumulate, sago, 2-6mm olivine, disseminated sulfide 
UoOCsvf Olivine orthocumulate, sago, vescicular, <2 mm olivine 
UoOCsvflrn Olivine orthocumulate, sago, vescicular, <2-6 mm olivine 
UoOCsvm Olivine orthocumulate, sago, vescicular, 2-6 mm olivine 
UoOCw/bm Olivine orthocumulate, wormy to bladed, 2-6mm olivine 
UoOCwc Olivine orthocumulate, wormy, >6mm olivine,
-'------------'--------------------1 
uoOCwf Olivine orthocurnulate, worrny, <2mm olivine, 
UoOCwf/m Olivine orthocumulate, wormy, <2-6 mm olivine 
Page 9 
Rockname related to rocktype Code 23/02/2001 
UoOCwf[$] Olivine orthocumulate, wormy, <2mm olivine, disseminated sulfide 
uOOCwm Olivine orthocumulate, wormy, 2-6mm olivine, 
uoOCwm[$] Olivine orthocumulate, wormy, 2-6mrn olivine, disserninated sulfide 
UoOCwrnv[$] Olivine ollhocurnulate, worrny, 2-6rnrn olivine, vdisserninated sulfide 
UopOC Olivine pyroxene orthocumulate 
UpOC Pyroxene orthocumulate 




From To Roc!aype 
Hole: BSD019 
[:'=_7~ l_-'~1~?j lFb~m·.. 
1"~1'O!II'1091 IFI~t 
['1 ~~J I 114.7J ft+FbX 
MZ/F-UKSP1 
UKSp2! 
l. .~ ~~~?111.16.s.j l~oPOC 
l1-16~4S.j L117.21 IUKSp2 
1'1 17·~11118.51 luopoc 
118.511 1791 IUOOCSf 
17911 18421 !UkS01/2 
1842 184.2 Contacl sharp, F 
18421 186.1 li/lincl 
1861 186.1 Contacl 
186.1 186.3 liliincl 
18625 197 UoOCbm 
~97J 1 197.3) [uoocsm. 
f)e.w.:riptiof/ Strat pos Exeanded rock name 
i 
Ico~~se-gralr1ed mega'c~st volcani~l~stic br~ci~''-fln~~-t~V:;~~d~ b~~-~~ ~~trlx'js ext;e~~~ ~ry~i~i~ IUpper F-;Isi~-~ I~e,ga~ry~i~ pl~gi~~i~~~-:q~artz'dacite~ 
- rich, swatlls of crystal-rich (really rich >60%) and crystal-poor rock, 5-30 cm alternating Intervals ---- ihthlc brecclaI~~~~-~s above 'b~t-cla~t-outlir;~;;;~rtly~b~c-u~ed ~~ddiff~~lti~;p~t: wl: qua-rtz veins' up to 2 c;;- ~per FeISlCS.=J ~f-'-c::"'ry--'s~-ta-l--Iil-h-l-c-I'a-'p-'-P'i-lIi'-s-to'-n-e--'----- --
tlllck veining more abundant In lower (down-hole) meter of Unit ----- -- .- -.- - .. - - .. -_.. --_. '-
Imegacrystic unit, from 109m, features crystal turf with horizons of~egacrystic breccia clasts in [g'jP;r~;;;--J c-;:Y~i.;j ~uffa~d-pl~gi~cia~e'~~a~- ····l.··· 
crystal turf matrix.·  .-..-- ..-- -_...- ~aclle-Iithlc breccla 
il~~:::~:I~:I' ~::~::c::t~i~: :~~~~e: :t~P~:~:!~~~en::~:~~:~~~~s::~~~:~~~si~is:Tgr'l~thS""--l-'-~~'~=' .--j sPi~i(ex-teXt~~edkom~iiUe:A2."· 
I
plag/quartz, clllorlle matrix, now chlorite-quartz-plagiociase-carbonate rock. Samples 115.4-115.7 .-. ---.-.--.---.-.-- £yroxen~~~n.J!~ . 
(TS,XRF) . 
~n;;eb~;d olivine-pyroxene ?b zone cU~lulate (po~sibieque;-;chZO;'e),;are~kel~t~1 ~I~r;;';;-ite' - rL~~-;;-uitram-;;;ri~---] IOlivi;-;~Pyr;~e;-;e -~rtl1~c;:;;";ulate
 
medium grained chlorite-qual1z matrix. Sample 116.45 (TS,XRF) . L. .--- ------ ---..-._- .. -'-'-'.' -.- . 
I~~;-;d~;;·spil;ife; ip·Yr~;en~)A2;;;-;;·~-~wC;hl;;ilequ~rt~--:-p1agiocla~;~~a~b;;-;ai~~ial~:·s;mPle-·---ILower U'ltramafic . ISPinifeXTeJdlJ.r-.edK.o..m.·at.-i·i.i.e'--.A-.2.•. ·-:=-··· ....-" "1 
.. 116.45 (TS.XRF), 117.42 (TS) . -"'--~--Ipyroxene spinifex 
Icarbonate-clllorile-quartz rock, medium to coarse grained polyhedral olivines, coarse grained [~~;er Uli~~_~fiC ] Oli~~~e.£!~oxe.~e..~~hocurnul~te 
carbonate porpllyroblasts - pOSSible pyroxene pseudomorphs, rare skeletal chr9mlte. Samples ... 
117.45 (TS) . . . . 
Ital~ 'ca-rbonate after oOC, poss;blep~tl;;';;~y fiii'~;'derpY;fi~h c~lJ;i~, close"packed sago ooc~--- [L-o-w-e-r-U-lt-ra-m-af-ic~J 0i;vin~rthc,~u'm"Ulate,-sag~'-'~2m;";- . 
lobate chrol1lite, splcules of hematlte. Sample 122m (TS,XRF) . 
Ichl~;ite~iaic'ca~b~;-;ate;ock aft~'r A2--Spi;-;iiex-oli~ine'~~lso now top-~-nii9~rite~hi;;:ite~q~rti)=-
c()~r\;~c;h':.vr()n olivine, skelet~I()li~.in~: ~;;tI1lp'I~ ~?9.4.~11{T.~),!~~:4~2(T~),!~1.4CI~L
 
contact sharp UM/F' 
. - ._ .."- . -. ---- ..__.._..... -"""--'--'" 
coherent coarsely crystalline felsic rock, a fresh plagioclase -dominated .hypabyssal rock 
..---.---..--,.--,.-- -.,.- .. --- .. _._ _ _---_. -------
contact: sharp 
.. .•. .. .• __.__._. -_._~-_._ 
same:as above but heavily chloritized? 
..- .. - .. .-... . . - .- -.- - --~. ... ----~- -
talc-chlorite carbonate aFter schistose fabric, bimodal'oOC,hemalite (quartz cores) plates. 
Sample 191.0(TS). 
..- -.--_._-- ollvlne, 
-.. - - Fw~r UitramaiiZJ spi~ife~-teJdLJr-;;dkomati~e, A1iA2:' . 
:=-~~-=-:~==-._ ()!!~~~_..... ... ".. . 
Lower Ultramafic 
. -- --'--"--'---'- .__.__ .._._....-.  
Upper Felsics intermediate intrusive or inclusion? 
Upper Felsics 
-------- _._---- ----_._.._- _ .- -._•.....•.. _._ .~-_... 
Upper Felsics intermediate intrusive or inclusion? 
~- f-'--~-..:..- -._---. r---'--'~.-."-' """ --- -.-- -.--
Lower Ultramafic Olivine orthocumulate, bimodal. 2-6mm 
L.... • oiivine, 
I~t~~Ig;:~ytalc ~~;bonate, blotchy,;i ~m'c~;bo~'~te'p~rphY~~biasi~-, ~ar:iabiete~ure and gr~in Siz;-[Loweruitramafic I~e orthocumuTc;;~;~O:'2-=-6r;;;:n-"'u
---==-_. 'jarter sago oOC ..' : 1-0_llv--'ln::...e--'. _ 
•. 197311-i26.21IuoOCbm· Jtalc-carbonate-chlorite quartz after bimodal oOC, close packed, medium to coarse grained !Lower Ultramafi~~ Olivine orthocumulate. bimodal, 2-6mm 
elongate tabular and polylledral olivines, spicules of hemalite lobate chromite. Samples 197.3 ----- ollvine, 
(TS). 213.8 (TS.XRF), 222.6 (TS,XRF) "-- ..'-~'-'~::':~==~'::.~.-_=~==.:::_:_=
IlTKScii'/2?--j very fine grained cuspate, bladed chlorite quartz with quartz-carbonate overprint. Flow top of ~wer Ultramafic::J [ . ][~:2~~31 [~~6] 
.:.'... _...: ().'!Y~e ST~!I!?~!?!.~!~_~ii~_~()_n~igh Zr, low Ni)~ample 221~1JTS,X~	 -==--=-------=----__. .. :==~_-==_:.Ih-226~§J l_~~~j	 lUoOCbml UOMCbmJ carbonate-talc-chlorite rock after medium g~ained bimodal oOC -Ioosely-tightly-packed polyhedral. ~wer Ultramafic ] [ . '. =.J 
:_-~:'.:-'-'~' ... :'.:: ~n_'!. rare tabular crystals~!.;;t~lobate ~~omlte,_Sample 1.~.8 (T§..X~), 252.8 (TS) _. .---.--.-------...- --._ ---
contact sharp ] sharp contact felsic intruslve/ultramafic Lower Ultramafic ~.-._.-.---.----- '--'-JE2~r~~~1 \:3-:~:~\ \F~:alkali~e _ .. _ ~;~~.~~~e~ ~r intr~~ive. Phen~_~_~l:_~_~.~~~.i~ ap~~~~_~o.~ 7% .~~OS_(~he~OS ~or:!:~:lnen~ . ~-=I~G~ E~~spar m~~~t;_~~~t~~'_~~~] 




From To Rod(~vpe Descriptio/l Strat pos Exeanded rock name 
I'i::lll ::f~ ~~:~,T;h"P-..-.--.·l[~::;::~~;l~;:::~iE:::g~O;;ri;j~~~:;~~~~::w~~~~~~~_~~::j~~ .....•JIs:~~~::~:-j r""ri'in:~~='~"~~~,"~'~:dl
 
I 30035 301_8 iFi-alkalill~ 
... 301.75 301.8 IRZ 
301.8 362.4 UoMC/UoACrn1 
363 IUoMCrnil.?~~·~~j I .... 1 
1- -~63:"l5 _;;_~I ~~~~'" ,',," 
365.6 3701 i FapP . ___ 
-_--370:1 370.91 RZ/Contact sharp \ 
. .... contact w/ Um ....---- ---.----.-.---------- -..----- .. -
[- ·37~~911374.61 IUOOCbhC..] i~I~-;;-~;bo~~t~-~fter-oli~ine ~umulat"e:d~;kg~~y/bl~~kdois-~fi~r-~h~o;,-;~;:S~me ~wer -Uitr;mafic --j IOli~ine~. -.rth~~~mul~i~~-bim~d~i: I-evid'~nce in--- h~pp~r 
lbX 




[_~?~_6J l_ 41~ 81 IUOOCbtlq~/f 
... . ... -.. -. 
[-~~_4!_51 [426.51 IlbX 
1-~~6:5Il46031 Ilbxw 
I~~Ie green f1negrain~~?lagjoclase phync (m_~~~~L~lsic i~tr~sive._ U~per_~:~ics __~~; s~arce feldspar micro-toscanite/ 
Icontact.1 5 to 6 cm zone of stongly chloritized material discordant w/ up-hole contact' Upper Felsics ------- .--... -.--.---
talc-carbonate after layered oMC/oAC, some zones with talc-filled vesicles (eg 333.4). Sample Lower Ultramafic J 
317.2 (TS,XRF), 338.3 (TS,CA), 352.6 (TS,XRF)-
ri~l~-~~~b~~ate bl~~~h;d-~I;d sp~tty~-ft~roMc--mediu~~g;~i~ed'~~nt~l~i~g ;ip~~p~;;rt;-~hi~h' - --li.~;-;;-uit7~-;"afic-ll'- ------- --- -- j 
~... ;::~::':~::::~:~:~::::~f::~;~:~;~:~~:~·· ·-.=.--=-=~·I ~:=~~~~ ~~:n.~~~~~~~f~~~i~~~~~tiated __ j 
S~lmon Andesit~,_~hl=~reento salcn_0n.-pink~lagio~l~se p~ric~~.h_e_~~~.':n.~ w/ re~~~~~~~~~n.~_~ ~er Fels~_ ~p~ibole ~1~~~~~~E!!~r£~~~_ 1-
contaCt: chloritic alteration zone, contains pyrite, discordant w/ up-hole contact, sulfide veins in Upper Felsics 
.--------.--" 
carbonate for amoeboid, Ilarrisitic olivines, best described as bimodal harrisitic oOC. S.ample--------------· olivine, >6mm olivine,373.6 (TS) . 
I~o~rsde~(gr~inted/ FWb-vOlctan) iCladstlic brlecdcia, ~pper-20-~-;,-;-i~·;t;ongiy·chlo;iiize-d~thi~-i~e~~1 sl~ongly-
velne qua~!.car ona e an eac le 
very coarse-grained monomictic volcaniclastic breccia, heavily altered zones 
apparent collerent and/or auto-brecciated zones ~/V~-rY~o~rse-gr-ained-i;j~gi~·lasephY;i~ ~IastsI 
. (c;~~~ ~~epor~ed ~()Ic~~!c~~~c ~r~cci~,_!igt~t!y pack~. . _ .. . . 
sharp contact felslc/ultramaflc jchloritised flo.w top breccla in contact w.lth felsic fragmental. Felsi.c contains matrix of very fine. 
grained chlollte-quartz and altered plagloclase; phenocrysts-plagloclase, ?cuspate crystals, lithic 
fragments, possible contamination. Sample 400.05-400.5 (TS,XRF) 
-I ~;~~~J~,-~hl~~;i~,-q"U~rt~-~"O~[~fl~;-A2-S-Pi~ifex,skeletal dendritic crys-~I5."SampleS400-=-5-400:6-
.. ] ~~carbonate rock after bladed oOC, preponder~nce o~ bladed olivines aligned over polyhedral 
. - hopper, fine grained aCicular matrix, medium grained Igneous textures. Rock becomes fine 
grained (cllilled) towards contact. Samples 401.4(TS), 410.1 (TS), 412.6(TS,XRF), 
413.7(TS,XRF).114.55m(TM) 
Jvelrytcoarse-gt rdained FW vOI~an?iclastic breccia, heterolilhologic look, with intercalated matrix and 
cas suppor e zones, pumice . 
I·~·~.in'e~~-a.-b~~~ ~~-~e.-Pl.~.i~.. si;.;.ien.l~tion. is dis.linCi: beC~m;ngmore'prominen-.tdown-core~·irl·i.owesi--
! ~~~9 ~1l1_(;I~st f~~r1c; IS v~~y 'fJ~11 ~~v~l~p~~.~n~J!all~~J!.~~ cla~~.!..s. !TI.9de~ate.~~tron!L __ .. __.__ 
-------- ..- ....---- ---------. . 
~~~~~ Swan footwa~l[~~~~~~~~~~it~-~_ii~-i~.~b.re~c.i~-.. . j 
_ .___ - . 
ISllver Swan rootwallj IPlagioclase dacite-lithic breccia ._--,  ~lverS;~nto~twall ~-L-wm-;I~lls;s~i I-bx - - -I  
-=--=-----=---==-:. .==~~-. -- .-.- --~_- _ 
[Sii~er Swan footwa'll [ ·1 
~er Swan rootwal~ [ ----- ----- - -- ....-
. --------- - ------- .. -.-.----
~~r sw~0~lsPinif~t~-u~~~~~~~~~~~.~!~.~~] 
ISilver Swan footwal~ 'O!i~ine ortho~-~~~~;'-bTmOd~h~PP~;-1 
. -- ollvlne, quench ollVlne, <2-6mm ollvlne 
---.----------
[F~Ii=el~ics "'1 ~~gk>clas~ d~~~e~~~~-~~ecc;~-- __ ·u] 
footwailFeISics;] lcIasl-derormed. Plagi.o.c.la.-sedacil.e.--ii-thic ·.·.1 
------------ ~!ecc~~ ._ .._ _ .. 
Hole: 850020 
[- ·····011 
-- 931 Iprecollar --J 
Core lugs Page 9 0/212 
--
Hule: 8S0025 
Frum Tu /{oc.:!ctype DescrietiulI Strat pus Expanded roc!e name 
...... llllinfl~~s, F~and A2 sp'inii~x'5u_~rt.Z,G~I~~il~,_c~rb~~~t=~_~.a.Ill.p.!:~.~~~~CC~~.~:~O(T~~RF) Silver S~an foo~~1 ~~if=-~.t.:~.u~=~ ~~~~tiile, A_~~~~:_ .. I 
wormy fine grained, oOC, talc carbonate quartz, marcasite, subhedral, fine grained chromite. Silver Swan footwall Olivine orthocumulate, wormy, <2mm . 
, Samples 477.80(TS,XRF), 481.60 .---.----..... olivine. I [4_~~§~~j l~.4~~~ll~:~:f 
't~I;-~~~bonate· ro~k~'n~ Ig~~ous t~xtur~ - 482 40·p~,?y~-~~!e-r1i~ ~~I~lcicm:fl~egr~0e~ ~~I~i~'e_~ ~.~~er S~~0~~w~_1I 2~v~ne-;-r1~CUm~'~t~~ ~3difr;;~~~ti~te-d I 
[-..--.:~~ f 48~8~11~~~~wrn jwOlmy oOC, medium grained bleached but ghostlllg of igneous texture, 484 90 pyrite vein, dissem [Silver Swan footwall Olivllle orthocumulate, wormy. 2·6mm 
sulfide. Sample 485.90 .. _ .. - - --.. olivine, 
r~·~~5·?II. 486.'21 IHM mixed l~~.~~~~~~~~lI~t~ama fi~~r 11l~:~~ ~O:k. ~.:n: very .~:~grained. sUbhedral.~~~~mi~~~~y~ri~.me~._ [~~er _s~~n _~~~t~~~~] __ .. ..-1F.:.:.:.:..'-'.-----.------.-:._---
486.2 '$MCrS !sKelelal cnromlte contact with massive sulfide ~ilver Swan ore sho f,ass,ve sulfide with skeletal chromlte 
488.2 $Mt massive SUlfide, trellis-textured, foliated ce~iral-p~-rti~~~n_cl~~~_n_!~:e_. ~~~~!~~~~~~.~.' ~~~~= ~~;~r_~~~~~.~ ~assiv~_~~lfi~e~trellis 't-e;dure_~ __ .-_- .. 
488.2 RZ contact: sharp/altered Upper Felsics 
- .. . -_. _. - .... -_._--_._-_. - ._. - ---_._--- -_._- _.---- _... - -------...._ ._------_._--~--
492.6 FaPP Salmon andesite, khaki-grey coherent plagioclase phyric, crystal-rich unit, rare $ veins, some thick Upper Felsics amphibole plagioclase porphyry ;T~il 
quartz veins up to 10 cm --~ :::= __~__=:..:~.~:=--:~_::.=~~._.-
492.6 Contact sharp chlorite-rich magnetite contact with massive sulfide. Sample 492.60 at contact 
.._.. - .. . . _ .._-- ..--_.--- .. _..._....._.... _._... 
492.6 494~:1 $Mt massive SUlfide, trellis textured. Sample 492.60 Silver Swan ore sho Massive sulfide, trellis textured 
.. -----. 1--- •...__ ....._ ......_- -.--....-.--.... - .. --
498 498.3 $Mfl felslc plume Silver Swan ore sho Massive sulfide with felsic inclusions 
.. _-1-----_._.._--- 1-- " - -- - ..-.-.-- .. 
498.3 5064 Silver Swan ore sho Massive sulfide, trellis textured ~~.. _ ..----.- __I~~~~.~~_~UJf~=_:..~ellis-text~!_=d 
5064 506.9 $Mfi felsic plume-rich massive sulfide Silver Swan ore sho Massive sulfide with felsic inclusions 
506.9 507 Contact diffuse basal contact With footwall felslcs 
-_._ .._.. _-,..--~._ .. -. 
506.95 5094 Ibx 1i9ht to Illed grey coarse to velY coarse grained FW volcaniclaslic breccia, heavily altered unit, xl- Footwall Felsics plagioclase daclte-Iithic breccia 
. ~.._.__._- .. _.. _....._.- '--- ....._... _.. _.
richmatnx apparent In lower (down-hole) 50 cm; arsenic stringer zone in felsic volcanic 506.95-
507.9mI~~'~;se-tov~;y coars~gr~ined FW volcani~la~ii~b;~~;i~~~·~~~r~-d~;k·~;clastsd~;;lh-;i~(~~t- ~~F~i~i;s'-1 ~1~'~~d;r~-;m~d'PI~gi~~I~';~d~~ii'e~liihi~'1 
~~~I1~f!E:~) tJ.L~\ ~en~r~!ly nl()rl()rl~i~U~~~. int.e:rv~~.~~ aligned~las~~~tl.~.':~~..r~~d0rT!.__.. _. "'. _._.. ~_ec_c_la_._.. .._.. _ _. . . .._ 
Hule: 8S0026 
1- g81l 134.8] !FbXIll 
I '134~811 1361 IUKS 
135 1551 . 11 1 luoc 
115511.2231 IUOOCbC 
223 . 22331 \RZ 
223.3 . 225.7\' \MD? 
225.7 248 UoC 
('ore logs Page 18 of 21 2 
Hole: BSD026 
From To Rodi~l'pe Description Strat pos Expanded rock /tame 
F~~iFeiSiZs~-=~~e:i~~i~~~.~..-=~~.-~ ._]
Footwall Felsics plagioclase dacite-Iithic breccia 
Footwall Felsics clast-deformed plagioclase dacite-Iithic 
-~~~~-- ~~~~ia and plagioclase dac.i!~_._._ .. ,_ . 
Hole: BSD027 
631 Olivine orthocumufate, undifferentiated f~~~~--'--'--- ~;~:~r;~~::~:~~~'t~a~~~~:,r:::::~t:~-n of ~~to-p--' .-----~------.- -- -.-----~---..----- ~~~:~ ~::~:::~::
-"--811 Spinifex texlured komatiite, A1, olivine 
-------------------_._---_.-.._-------..._.. _..f~~ 1393I [uoOCbrn fine grai~ed, grey talc-carbonate, subhedral ch~o~~;-~~~iably-;;-~iiyi~[i-;;a~bonate~einlet~---- Upper Uit,;maflcs Olivine orthocumulate. bimodal, 2-6mm 
1 patches of green talc, elongate tabular and polyhedral olivines, rock medium grained bimodal --.-..--..------ olivine'--__.. _ 
oOC, closely packed I,ematite in aligned plates, dusty sulfide. Samples at 81.9(TS,XRF), 
111.6(TS,XRF), 123.0(TS,XRF), 124.8(TS,XRF), 139)(TS,XRF) 
I' •'.139.3] 1 14481 jUO()Cblll ] ~;~k~ont~-i~~-~hii~~~}'-;i~:1~-~hi~h'g~~~-po-;:phYriiic book, ran~n:;h-~rr;;;iit;p~t~-;9ive ro~k--;;'---- ppp;;r Ultramafic;] O!i~in~ orth~~~-rr;~i;;-t~:'bi~Od~I~'2~6mm 
. bladed texture . '. ~-- ollVlne, 
L. -1'44:811 184 1 Iuoocbm 1i,e;;:;~iiedr~ps off in amount, rockn;w ~11~r~cte~i~~d--bybi~dedi~i~,-~~Cki; O~i~ine o-rtho;;-~mlJI~ie:ubi~Od~2-6~m-'biaded he;;:;atite;t~-I;;':-- ~pper Ullramafics ] 
carbonate, medium 10 coarse grained, anhedral splnel 181-183 weathered, 183-183.2 fault zone. ..-._----.-.----- ollvlne, 
Samples 154.15(TS,XRF), 171.7(TS,XRF)· -----...------.--.- .... -. -. .. . . 
L_.·:...18~11 186:31 [uoOCbm ... 1;Xidi~~~and mOllled·b~~d~d oOC'fin~r. ~r~ln=d_~_:~.~.~~·~ ._.__= ~_._.~ __=~===·~_ ... __ lui~er ui~~. ~~:~·orthOZu-r;:;~w~~bim~d~-1~2-6rr;~-
1·--1Ei6.25/1 18721 !cl;lo~iii~~d·mi~;dz~n~predo;"ih~nilyfel~i~,-;iih-r;;gr;:;;:;t;-;;-i;;oC:-slilih;ctr'at~hite crystaTirl-- ~er Ult~amafics '1 J 
24761l__1~7:2Il 




j~~:t:~~i~::et'a;~~::r~~:~:(:f~:~~:t~e~::I::::~::~~~~:~::~a7~;l~:~:;~~~;~y~~~de~~id· ... ~~~;~~::~~~~~:- %::::~: :~~~:~:~: ~~:~~~~~~::::~.:-350 [UoC 
....... of chromite, no remnant igneous texlure or evidence of several flow units --.. -.------- .- -- - --.. ".-..--- _- . 
[~~~.~~) 1__ 362 lUoMCC .._ .. . 1~~o-ttl~dt~i~-ca~b~n-~~-ro-~k~-;~-bh~~~lchr~rT1it~~!t~~~ co~r~~g-~a~~~~~.·~_~~PI;;358~_._-.~~_-~ ~~~TUlira~afi~ ~~=~~~~~~:ui~t.e~~~~~~~:~~ie~,]1 
Cure logs Page 19 oj212 
Hole: BS0043A 
From To Rm.:lill'[Je J)esc.:riptioll Strat pos Expanded rock name 
r-...~35Il342] 
34211 343L . 1 
[ .. ··.~4311 344'-7! 
1-344.711 344.9[ 






I 1104411 110.51 IUrn 
1'1'-049] I 138.31 IFbxm 
IH_13833j 1 13881 [urn 
[1387811 144.91 IFbxm 
1.. 144.8511 145.011urn 
.[ talc-carbonate±qu~riz, fine g~al·ned closely packed sago ooe (some patches of higher porosity). §er Ultramaflc Ilolivine orthocumulate, sago, <2mm 
Scattered fine grained chromlte subhedra --------- ~IiVine, 
1dark-g~~y-bla;kl~I~';a~b-~~lat~ -afi;;r bJ~~dal- oo'C, ~ed;um t~ ~~ars'e -g~~i~~d:-v~7i~bl; p~r~sity~ --. [c>wer Ultramafic' J OIi~;;~rth~;~~~I~t~, -bi~~-daT,';6mm 
Sample at 342 6m, 343.0m .-----. -- olivine,Id~;k·gr·eYjblac-k -fl~~ gr~ined mixed rock or hybrid ~o~e . ?fine gr~in~d ~hili i~~xedwiih-;;~d~sTo~aT-' [Low;[Ultramaii~ - IF--.-- -- -- --- .-- -" .--- -- --. -. 
clumps of oOC and possible felsic volcanic. Samples bimodal ooe 343.3m, mixed rock 344.3m ---=--==--::~-==_ .. -',,='~~H _~:'.H_ ':': ::.-·_._.H_'''-::.. -.::: _ ... 
I:;,~~:I;:~i;' ::;:,::::,:' c:b~::::~~;32~~~ m,", "00 10 m'''"m g,,'ood ("o~ .. ~~:,~~~:;;c J~'9"d'" d,d""hlc b"CCI'] 
IUm finger/contam. Upper bo-~ndary ha;1O·cm thick quartz vein, lower boundary seems to follow f~c:rt~F~i~ -.] IU~difrer~~liat~~jullram~fic rO;k, highly 
. clast outlines. Avocado green. altered 
t[~~::~:i;lj~~:~~:::~~:f~:;j~;]~:~~~;';~ ';";;~O;:~;~M'~~-= ~;:~f~ ~:~;:~;,:~~::;.;~~ .~~ ..... 
. m~~~~~~~i.~~~: .~I~~~_t~XllJ~~.~elle!~:>~~~_ _... ... __ ..o __.. 
Dorn coarse grained megacryslic breccia, in ~~d~ui of clast support~;,j;~d·~-al~~--supp~rt~d - ..-... ~er Fel;J~;-----] ~m~g~c;ysiiC·PI~gi~~I~~~-.q~.;;rtzd~~ii~-
(~onl matrix s_uppOlte~~ matrix is m~~\:!raine~ l:>~~~~i(J!1~1 25cm ~L ---.----.-. lithic breccia 
Thin Um finger. . - [up-p-e;:-UTtram-ancs·1 U~'diffe;:-eniiaieciultramaficrock, highly 
... -.-- --------.----.- laltered 
Ilsame megacrystlc volcanlclastlc breccla may be a bit coarser grain~d.- co-ar~e-gr~i~~d- to very ·llupperF~i~C~-----J m~;crYsii~-piagiO~-I~s~:qu~rtz'd~~ite-
coarse grained by 117m. Abundance of Type 1 clasts increases down hole. =-==--===~~ lithic breccia __ 
Ilum finger .. _ ..-'-__ .__._ __ .__ [uppe~~t~~~~~J ~I~e~~~erentiated ultramafic rock, highty 
rnegacrystic continues as before. ...-----------.-.-- . -.. ····---lrupper Felsics I;;;gacrysticpjagio'Zi;;~~q-u~rtzd~cite.
 
Il .. L .. ._.... lithic breccia 
Ilum finger seems to penelrate underlying Fbx -wrappi~~ ·~rou·~dClast~.~.-· .-,----.--- .. 
.J ~'~~~~u:li~~~~!!~~] ~~~erentiatedu~ra-m~iic rock,highly 
Ilrnegacrystic volcaniclastic breccia. ]lLipperF~i;i~;---- '1 ;;;g~~-rYsti~- pl~gi~clase·ciuartz dacite· 
.- -....---.._.-.-_.. lithic breccia 
IIUm fmg" N,c, 2-Bmm 'g ,,,'c·,,,. A, ,'w.",b~""dbY'h"p c,",',",.·;,;;;;",,;;;;~,",;,,;;; 'ol~pp'7Ui,,,m'fic, ~1 f-U-n-d-if-fe-re-n-t-ia-te-d-u/-tr-a-m-a-fi-c-r-oc-k-,-h-ig-h-,y-l 
lowest half ------~-- Fa.:..:.lte.:..:r.:..:.e""'d -1 
Imegacr~stic volcaniclaslic b~;cci; __ .o • __ _ ~p~~r Fei;i~s ] ml'the.gabcrysti? plagiocfase-quartz dacite-__ __ ._.____ __ 
- I 10 reccla 
Ilurn fi~~~r. - . ·--~~~·~~_~~-~..~-~~==~~.=_=_~=~·-_·--·~J~per Ultrarn~ics J~~e~~~eren\iated uitramafic-r;ck~h·ighiY· 
llr~e~a~rysticvolcani~t~st·iC breccia: ...... . ~=_=_~~==---===-_~-.. ~~J Iu;;;;rFei;i~·;---J ~~~~~~..P/agiOCI~~~·~q~~rtz d~~it;:-
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Core loJ.:.I' Page 75 of 212 
Hole: 850044 
From /'0 Rocklype 
[__ ~~~~ r1~ fbxm 
[~1~~.9~11_1545! !UKSp 
[~~_ ::~ r- ~ :~1 [~~~p------­
\-161.5] I 1631 jUIll 
L__ .. _~-~~II 21°1 \UoOCbc 
240) !UOC 
l· -- 257 UoOCbc?:_~:~j l_ 
1- ~57] I 261 jUoOCbc1 




__ .JL__ 3~~ 1__ 275 
305 IUoMCC[$]1_:?8~ll .. 1 
L __-ioj l:317~~j IUOOCs[$l. 
319 lUOOCbG[~~~:~J [_ 1 
1-3247] 1--3-35\ IlL·· 
l ~~~ l ?35.81 Ium 
l--33~.7-511_ 3401 IlL 
Hole: B50044A 
l~ 177SI1--18211ucio·cbc 
1_- .·- 1B2Il_ 1871 luoC 
Core logs 
Oescriplio/l Slral pos EXf!.anded roe!, name 
...... __ _..I ~pper Felsics J~~i~a~~~~~ plagioclase-quartz dacile-
I[weakly preserved random blades, ~~-ar~eni;l~ d~';'~_~oie __ - ----- --. -..-.- -.-----.. .----j ILow-;-Uitr~fiZ-- Jtsp~ifu"X tex~redko~~llit~~-py;ci~~~~--· 
----. ------- -- - L__ spinifex A2 
If~~~~e~~~~-~~c.lur~ ,diss:m Ch;O~~~_-.-.-__-.-.-.---- -:~­
----- .·I~~~~_] =;~~t~:::'k::::';:~;;'~':o~~ 
Ilwealllered and fraclured, dissem chromile ------ - .. IILo-w~fUii~a~~fi~--·1 ~differe~li~t~-duii~;~~fiC rci~k. highly .-
... --- . -. ..-.... - . f-a_lte.cr_e_d _ 




Ilaligned 1-2x3-8 nun oiivines, bladedlo hopp~rin ?a~ti~-~h~or~l~:c~~b ...--..~~~~~.-~-~~~--:] ~o-~~ ultra_~~fic J 01.IIVi~lin~;rtt;~c-~~~i;;t~,bi~Od~I.-;,6~fl1-­
. f-:0c......:.n-'-e'-',_.,- ,-- --i 
Ilfalnt blotchy lexlure _ - - --_:: _:~_=- ~ -: :~:_ -_:: __.= ==_~~:~: _] [~we~-Ult~~~afi~_] 0lli~ine orthocumulate. bimodal, >6mm
°IVlne, 
[[coarse p'blastlc laic-cb, moderately fractured a~~ oxi~i~~-~-O~~~~u~~ _:-~_--~:~~-: -.~_ -JIL;W~~:0~~afic -:J ~~~~e_;um~erte,-~_~fe~~!Ilti~t:.d:_~~ :.-
J~oOrIY preserved texture, scattered :ub:lob chr~mile,_~is~~~_ ~~_ler:_t~ . ~ _~ . LLow~~Ultramaflc 0d.IiVine .orth0ctcumluf_dlate, sago, 
Issemlllate su I e 
-llheavily disselll interst $, 3-7mm sago ~IiVi~e .---:-_.__:=:===__ ~_=:-: __ =~~~=~~=-=_~-: -]~!:~~ ~~i~: ~~i~~~~~ulate, undifi~r;~liated-,­
_Jl~issefl1 ~~b-IOb c~r~m~~ gr~~~~_~o:~~ite__~li~c~~~-~~~~~nal;~ua!_tz-------· --J lLower Ultramafi~ dOIiVine ?rth0ctcum,uf_ctlate. sag;,----- - ------
Issemlnate su I e 
_·I[~~~ck:;~rb~~ale-quart~:~fler-~~~:~~~~:bia~-~~:~Ii~i~~i.rt.~_~ula~~ ~---------.J[Lower Ultramafi£] ~!i~ine orthocumulate, bimodal, >6mm 
~ ~~~;::~~::~:'I:::~~~~£~~~~th;;0;"";,,t"-::--==~=--::- ~ Foolwall F"'~" :::::::::::-"~ec'~_­
. Intens~lyw~lcJed "aulobreccia" tl~ri;ci~(lla~ a ;,h~i~;oiiih;;-i~_;;kwitt;-d-~ik~~ ~ia-~l;)~··_----·---· - F-;-citw;;!IF-;lsics- ~st-d;i~;rmed-P1.;gi~·~i~~ed-acite~-iihi~-·· 
. - --.--. - - - -----.--. --.-- --.-..---.--------..--- ---..-.------------- breccla 
·-I~~~t~:~ iilh-ology-asbeio~~ ·:he·a~i~-~~i~edby~arbjquartz (p-';rticUlarly between 332.65----· footwall Fe~§Q ~ase d_~_;~t:._=:_-- ·-~ __ -~ 
Ish-arp-;o~tact wllh Um, fine grained at contacl~falnt f~alh~~ inle~i-;;r :-~Zhsil~-+ -~hlorite a--;harp- - - [ciot;aii-Fei;ics ---J Undiffer~r1ti~l~d- ullram~fic rock~ highly -j 
contacts. ----- altered 
I ECm-. II-agaln until EOH - - ... -- -- - -- ----~ __~~-_~= __ ~=--~:--_~ =~otv-:al\~eISiCs -~ ~~~;da;!~.~~-~~_·_ - -- ~~~-~--.~~ 
.::::::pg:::,~:~~~::,:p":~:,::,:~bOh'om;~ --... -~ .~ .-.--..--_:=~:.: .~~~t;:~~;:~::~ ~~;;;;;,":~::::::~6~mj
 
Page 76 of2/2 
2~: '"::: ~:~::, J :'~~'::;';::::~::;'i:~";''''N'd, di",.,m,"~:b~h~O;~,,'f:i~I~~':. ---_=~ ,,-j~;i:::::- ~~ii.::~:~~~:~:~::,~;~~'·' 
[~~--33011279:~lluoOCb~- --] typi~~lgr~Yl~i~~;b,~~~b-on~i~~i~I;-pat~h~~;i5---;J~~IC-Ch-I-~;rt;bl-~t~-h-';s aft;-probably coar~~--- Ewer Uilramafic ] O~ine orth~~~~~i~ie~bi~~d~I>6~~--
__ __ • ~_ _ - ---------::-.::. ollvlne, _ ! 
1~~~-----------------I*It:~~~~b~~:til~e:::~~;~;~;~aIC-Chlorit;~~I~~~~~~~ng~~~~_~u~:~ _ ~~:~:;~;;;;- ;~;;__;~;:;:;: __~;~~~;_~~~;::: 
uoc Istrongly bleached and fractured -__ __ __ lower Ullramafic Olivine cumulale, undifferentialed 
UoOCsc patchy preservalionof 2-7mm olivines, dissem s~b-lobc~~?lllile _ _ ._________ ~?_':'"':r.~~ra~~~c__ 0llvi~ine or'nocumulale, sago, >6mmI 
01 Ine, 
3501 [UOOCbC[$] 1!3-5rnm equanl olivine inlersl dissem ilr lob:poik chro~ile,-1mm inier~lchioriie P~lch~s, -- ~;-W;rLJllram~fic-:J b!i~ineO~hOcu.;l;ui~te,bimc;d~i,>6mm[ __30~ll 
occasional elongate 1Omm ollvlne pheno ollvlne, disseminated sulfidenO -_. __----
uoocs355_81 
359 UoOCbf nn . __.n._ -: : __l~3:53:~j I --I :::::t~:~~:~::~~;~:~z:ii~;:,::rif~:~.:~a:~;~~~~;~~~d~~;~;;-::._:~~.~_ ~II~::~ ~~~;:;:: j~I;~~~: :~~~~~~~:~~:~~~~~~i,~-2mrn·I 
- - - --- - ----------- I~.. 0 Ivrne 
951 l 359 'l 358_ 1 
. jl:~ai:~e~~en~::: ::~~~:~~;Ttlh~~nk~~~I~~:;r~::.~~f~~~~~~~F~_:~:_-.-_:~:::: .. : J~~~y~ P11~~I~C' II~s~-dd-a~!tle--;it~~br~~~ci-~ ~nd~~~~~ __ 369_5 
pag 0 ase aCI e 
l-~_~~~:~II 3771 l'bx~'l 
Hole: 85D045 
-I p~le gr~y p';blasijcTALC~CB after UOOC, d-i~s~;~-~I~-r;J~~~;~--;;-h~d~lob~Pat~hes 3-5~m relic --flower Ullramafic ] Oiivine~-rtt;o~'~;;'ulate, bim;;d~i: ;6~-~-H[-~~~'i] l.137j IUo?9.b.~_ 
texture, weakly aligned olivines, scallered 5-7mm equant hopper grains --- olivine, 
[.-~~2?J 1 1451lUOM-~~. -I ~-~Y-TAL~=c-~~-f~~;-3--:~~·~·~~-~li~~~d~~_;~~e g~~!~e!-~:~~_~um~~~rs~-dis_s-;~chro-~ite, ~~~drllower Ullramafic-.J =~~~~~u~l~ie-,undiff-;~~nti-aied,-
l-':'~~-14~ll- -~701 lUOOCbC· II~s previo~s-~~ii~;;-;-~inly -elo~g~i~-~li~~es~2-3x5-8;:.:;-~-~eakly aligned:sp;;rse dissem ~nhed --[lower Ultramafic~ O!i~ine orthocumulate, bimodal, >6mm 
(;~lr~J!1~~ _ __ _ __ - . , -------- olivlne, . _ 
230 jmoderate carbonate veining, fine grained p'blaslic carb, patches faint coarse aoe texture as Ilower Ultramafic:=J Olivine orthocumulale, bimodal, >6mml-_:_~.i2~ l. I~O?_~bC __1 
--- above_ Intense FauIl195.5-196, 212-214, 226-230 !-"o""livc:.:in.:.:e:.e,__---'---' -----l 
\-- - 23011 24051 Iuoocsm 1pale grey TALC-CB, fine carb, abundant dis~emGhromite,_fain'-2~4mm _sa~~HC?()C_ .. _[~~""~r_~II~~~afic .J 0llivine orthocumulate, sago, 2-6mm 
- - 0 IVIne, 
IlchlorHic coarse grained TCC, <1x2-4mm-bl~d~d-~ivin-~-;i~i;q~id~rich-06E---~----- -- --<- -- 1 ~-;~-;Uiiram.;nZ] Olivine -;rtho~u-~-~I~t~,-bi~od~~-::2~rnL__2~~-5Il_2~681 IUOOCbf 
- - - - - - - ---- --- --- - - -- -- ----------------,----------_.--.-------------.---------------_. I olivine, 
r ~4Ei811 2491 luoocs~l Ilquartz-carbonate ~f1e~ 2-4mrn sago ()OC -~- -=_ ~=_:_-__-_~-_. ~~ -_. _____-~~~~_~~~=-=: _- ~.] [LoweruitramafiCJ f-O-I!i-~-in...:e-o-rt-h-o-c-um-u-Ia-le-,-S-a-g-o-,2---6-m-m-.-
- DIVine, 
l __ ?49j I 2497 1 IUKM7 I~~~~:~t gr~ined cl1lorite~carbonate-talc-cb aii~r-UKM o~-liqu-id-;i~hooC,ii~i;;-g-dow;t~I~~~r -- -- --: l~W.-;' UI"__ ,m.~r" I =:====~==-:::= 
1c~~i~~1 chlorite' ------ -------lH?i'/F\fV7~~_---=_~][-~---l2497411 24981 !RZ 
Page 77 of2/2 
Hole: 8S0051 
From 1'0 Rocktype Description Strat eos Exeanded rock name 
162.211 174j [Fi=alkalire .. ~rYPlcal pale:pale gleen, very fine grained, sparsely plagioclase phyric coherent rock with pyrite 
cubes - bounded by sharp contact, feldsparspathoid bearing unit? Heavily veined by quartz. Thin 
Urn unit 174 4-176.35rn. 
l '1 74All 1764J IU;11 If~~~t-~'r~d, ~~~t11ered . . . .. ...' . ..__.. .... .. _ .... ~~~~~:~~;=~~:~_ ..__..._l~:~Uli~-~~_~~::.::--} ~~e~~~~·~~~ii~ted ~I~~~ ~~i~ rOC~~hIYJ 
I .~!635Il 177.61 IFi-alkaline . IWeathered and veined and broken core but look like an interval of rock identical ~~ 162.1-174Arn, [upper Felsics 1scarce feldspar rnicro-toscanite I 
. Pale green ~arsely .elagloclase .ehync fine grained rock bounded by sharp chlontlzed contacts. --.---.-- ...--.-- .... - ..... -- .. -'. -- _. -
1 177.611 2241 IUoc I ~~~~I[;~~;~;-';~:~fweathmd~g~;;di~g to fresh POrPhy:obl~stic tal~ ::~~n~~e~_~.I~~~h~ ~fte~'-----l~~~~_~~~~~fii.]·rii~~~~:~~~~I~t~,:.~~diff~re~tiated j
,''224 231~1' Uooc Iporphyroblaslic, 2-4mrn carbonate filled vesicleslvesicles loweruii;:~;:;;~--' Olivi~e-~rth~-~;;;~I~i~: undifferentiated 2~7 --2~.1 iJ~OC'-'----'----' bl~hy porpilyroblaslic pink grey, no texture p~~served~.po~s faint por?~~ritic.?I~~_~_~~~=-t_s_ _ ~~~er ~~t~rnafic __ ~l~~~_~~_rt_h~c~.~~~~~~ ~~~ifferenliatedI 251 254 UoOCsc 5-7mrn ovoid olivine, dissem subiledral-Iobate chromite .5-1 rnrn Lower Ultrarnafic Olivine orthocurnulate, sago, >6rnrn .... ... .. - .. ... -- - - _. . . . - -- .. - .---- ------.---- ._ ...-.-..--------.---------..-----.--.. .---.--------------- olivine, . 
25411 2711 IUoOCsm[$] Jldlssern interstitial $, 2-6mrn sag~ ollvl!:e, ~i~s~m _~LJb~~~j~!~~~te _Ch!o.~~te .:~~.~ ~~~:~~-_ -:.' .. _] ~;;-,;.,erUlire;;;~fi~--·1 cil!i~ine~d~h~LJI.~LJt·ladie,·~I~f.gdo,2:6~rn .. 
. 0 IVlne, Issern na e su I eI .~ I'?~_~I ~~~~. . .I rnassive whit, no texture preserved, no $ ... . ... .. ..-.-.. .....--.-- ..... -----.- IL:OW"~U1t~amafiZ-1 Olivine orthocurnulate, undiffe;e~ti~ted" 
I 273.911 276.4 ~OCbC	 12-5111111 olivine with abundant strongly aligned 1x1 Ornrn bladed olivine phenos, strongly aligned in IILower Ultrarnafic I Olivine orthocurnulate, birnodal, >6rnrn 
'dark grey carbonate-qualtz rock, sharp contact (sarnpled, 276.3) With next Il---_. . J ollvlne, 
I. 276AIl 276.81 luoOChf Ifil~e ucioc wilfl abundant fine bladed, hopp~r ·a~d~h~;~~~~~~I~~ ~IWine.5:2_;;:;_~:·d~_;;reasing . lL~~~~uitrarnaric·-] Olivine orth~~u~~late:h~pp~; ~Iivi~e'-
grain size to contact ..- -.---------.. <2mrn olivine, 
l._. 276.811 3101 IlL Iv-e;y·d~;kgl~y ;ighi- below contact w/ UM:~oh~~e·~TFw=f~isic"·int~~ai ~ho~s--iOiiati~-~~co·;~ ·····lf~~lwailFelsk;;_ ..-·1 plagioclase dacite .-.... .. 
lightens to pale greenish grey to EOH. Sample Bso51 - 276.65rn - analysis is Urn & .------.-.- .- ...---.-..-.----.-.. -. 
p~lro\1r~!:lhi~~liylook~ like a h~rrisite__. .... __ .___ .. _
l.... _~!6·~11?76.8j I?ontact IConta~t.betw~en UM cumulate (ooc:) an~ ~n~.P£ar:.n.~I~~~~=~~t!\fV f~~.ic uniL .__ - "1 
Hole: 8S0052 
[_-~1111::11::~~':~	 II,oa,,e36,n~"go '0 d~ g"yi~~~,,~~~I;=-::===-::_::~-~ :====j~fioSji:~i;;rtho'"m".~,~~~,~-6"": 
[~.i 5~~J I 117.4j I~~M	 jl~oorly_~res=~e.~t=xt~r=,.~.ea~ -~~~~~~i~i~~_r~--=~~=.~-= ..... ---- -----------.~][upper Ultrarnafics I=:n~~~;:gi~qT~~hl~i~c~;b, .-
1 ..._--.1--..11_--1177 ..49 -1 1Ft - . . ----.J Fine~giajned CrY~i~I-r-;ch ~~it ·i~pi~-90;;A;~;y~~STrlpTc;c~f~·5~mliihic·a~d~iYStalf;:a9;;;eni;_·-- Upper Felsics Il-cry_st_a_'_tu_ff ----1.....: ..11 ..... 111-.21.73 .. 9Q 5 .1 volcaniclastic breccia w/ predominantly clasts w/ 20~30% (sorn: up to .75%1) rnodal phenos (pi:.[iFbxrn-------- .. ' ~pper Felsic~_.J rne.gacrysti? plagioclase-quartz dacite-
1 
. ..... . ... 1mrn-8rnrn) rnatrlx: <5rnrn lithiC and crystal fragrnents, crystal-nch hOrizons (up to 90% crystals), lithiC breccla ..._ _.J 
.. .. __ . 910mero~!ysts in~~ast:>.~_~15rn.!!i'_rnatrlx supported, clasts _3-16crn .__.__... . ... . 
15 rnrn thick urn vein, strongly chlorilized - faint rounded blebs irregular inclusions of plagioclase [g?per Felsics . ] Undifferentiated ultrarnafic rock, highly Il-1·~~3.~II_~2~~1 1~0 _... 1
..... - ..... pfwric felsics up to 2rnrn. . . -------.- altered 
[-1 ~~.611.i.44.1j I~_~xm .... ····-1 s~~-;asm.9~i2i45m e~c;pi cla~s2=28C;;;~:=136_:5_130_:_i~reve~seiyg~aded rnatrix~1-i~-;:;;-·-lupper Felsi~ ~rYsti? PlagiOClaSe-q~a~-da~ite~-1 
. . ... . - to sub rnrn (xi-rich) In gen rnatnx finer 2-3rnrn, thick carbonate and quartz veins + py, xi-rich clasts lithiC breccla . ._.__....._..__--' 
il~Gr~~_~~~ I~~t 4.. f"!l.~.~~_0~~ v~ir1!Il..\1~.I1_~!:fl__atrix <2rnlTl.__.___.__ . _ 
Core /OJ.iS Page 87 of212 
llole: BSD052 
Fro111 To Hm;/,~Fre [)escrirtiol1 Stral ros Expanded roc!, name 
[__1~4j r144~8]	 !UKS'--'- .-
.. !lfine·grainedfIowt-op~co~r.se ~UKS ;~~~dilig ir~~t~~~s_j~~I_n_~rjov..:.~~~ai~a~ .~-_._.J [~ower Ultramafic !I~~~:~:;e~t~~~~d komatiite, -- 'l 
r---'~~·-811· .' 51 1/UKSo· ",. '11~~lh;,'d' po"Jyp''';;''';''~J"'':f;.J 2 ,m""~o~,,,;;;",bi;d;,; ., =.~.=.-.:..... =~==]E"....UiI~ ~~~;~:: 1""""dkO~;,;;i;,,",,'; '" ,I 
L. ~~~) 1 .... 1601!UOOCI1C J1 ~m h~pper grain~, ~~~r~ely p'blastj~·i~i~·.~arb~n~ie~i;~em~~b-·t~-e;:jhedr-;;i-Chrorr;ne':'1 mm:--' Eer Ultramafic -J Olivine orth;;-c'umUI-;;ie:h~PP;;-~Oli'~ine-J 
.- poorly preserved texture ------- >6mm oiivine, 
1___ ~~?J I 21 at IUOOCsc/uoOCbC -I ~~:~I~~:~e~;i~;~~~IYo~~iy~~~~i:~~~~~~;~~:~~;~:h~u7uhedral chromite -1 mm, faint-blotching after ~;~mafi~ . .: ..... _..._._. _--.J 
/uoOCbC I;ypi;;;/:-PO;':ly'pr~!el~ed -t~~t~re'in iighigr~-y 'm~l;dlal~:~~rb~nate,iine'dis~e~~~b:i;;-'~~hedr~i'- ~~weruiiram~fi~'-'J O!iVin~ ortho~umulaie, bimo-d~i:;6mm[~~3.10J 1_ . 23°1 
. . chromlte - 5 mm -------------- ohvlne -.-J 
i~:~~e 9~~P'bl~S~ taIZ.carbonat~~;xture, di~em:-;ub-to =u~ed~~1 ~~r~~!~._5m_m ....._. . ~0~~! U1~~~~~c 'j ~~i~~~~.!!hocumulate, ~nd~r~~r:.~tlated -I_jI 
UoOCbm/$J heierogeneous ohvine gr~ln Size, mi~~d 1-2 and-3.?m-mg~i;~s';g~:-sUbequar1igrain~-"fine ----- ~erUilramanc- o~ine~~rth~~~~~I~le, bi~~d-al: 2=6mm 
grained dlssem. sub-to eulledral chromlte, 1-5% dlssem interstitial $, coarsening to 1cm --- ohvlne, dlssemmated sulfide 
1_~.:284Il 28811uoOCbf ···.• 1~~~~;~!:~~:!~,\~;~e~ft!~~~~5mm-~,~d~~-ir_ai~~-s?~~~s~_e.~_.~_==--~~~-=-==_~-J ~~w~~~~~~ I~~~~~ee orth::~~iate;~;~o~~i.·-~2-~~··· 
I '-28811 31391IUOOCSCI$] 13-7;~in'olivine, 2-10,~.·.,~ inle.r~titiai a~d-C.O.arseS~bSP.h.;;ricaT$bieb;;-~di;s;;;:;';-;;bhedr;;j-l~~baie-j-E.ower Ullra~afic I~~~ 0~;;;;~m.~~t~·:~a~g;;:-;6mm 
cllrornlte to 1rnm ..-------- ohvlne, disseminated sulfide 
1_31~~~ll.323.41 i$Mrfp J§~cis ~f?~ + p~-;;r~u~d ~V~id~hlori;~incl~~i~~~a~~~~~r.£~~CPY in ri~bo~.~~tur=~:.n.~_o_ ~-;;'ui~~mafiZ] M1asSive ~ulfide, ribbon tex1ured, felsic 
_ ._. _. _ . . ._.__._. .__._ p umes __.__. .. .. 
323.4 325.51 F/Urn veined pale grey carbonate-silica rock, brecciated ovoid clasts, arsenide + cpy veinlets and bands ~ ~ Felsic or ultramafic7 
. ..- ... -. ... ,.. -- ..-- .....-.----.-.--...--...-.--.----... - .-.- --.-.- ..- ----- ---------- 1---------._.__ ._-_..-._----_._- - .-.-
325.53 $M/MZ heterogeneous mixed zone chloritic silicate with inclusions and massive sulfide Lower Ullramafic 
.. 326.51' 
.. - .--.-. . -... -- ... - ..----------- .---.-.--------.--.---------.: -.------ 1----'-----._...----.- ...----. -.-- ----. .. 
326.5 328.5 $Mr/p pen + po, minor bands 01 cpy with cllloritic silicate inclusions Lower Ultramafic Massive sulfide, ril:lbon textured, felsic 
. . .-..-.--.-..---.-----.-------.-:.--..-..-- ._-... ------- plumes 
··1 FW ~olcaniclastic breccia with carbonat.e all: O~5-2oc'mciasts, -~Ia-;;l~~po-rt;;-d-l~-;.;:;airi;·-----· - [F~~l~ail Fels~;;---] I'-p-la-g-io-c-Ia-s-e-d-a-c-;te----Ii-th-!C-br-e-c-c-ia-a-n-d--l 
-- supported, matrix rlne grained and heavIly all (carb), clasts w/ serlclllzed plagloclase «2mm up 10 ---.----.------- cla~~-deformed~~~~~_ 
10% plagioclase phenos), slight deformation-alignments, alternating zones of coarse to very 
coarse grained with medium grained intervals . 
[-=-§~9·~11340:gJ ltbxw V~-~~~?~~iCbre~cia· - .- -- . .. . ._._ :__.~ ~~~~~~~si~~_J ~~~~~~-f;~-~~d-piagi~~-I~~~d~~iie-lilhiC· 
l:__~~?j 1-34!..?! [lbXW ·IW~lded-~trei~hed~ol~~nicta~iicbr~ccia, ~It~r~~ii~g '~oarse-!o veryroar~~-g~;~ed-';;~h·-medi~m--l· ElWailf~I~j;~-] last.~er;;;;~d. ·pi~gjo. ~ia;~ da~ii~. :.iiihi~j 
. - to coarse grallled lIltervals, ends at 347.3. 2 clasl lypes - lyplcal grey plagloclase phync and dk breccla 
brown altered clasts.(Thor notes that these are often veslc?); may be collapsed pum?? Dom ----------------. -.-----
r::-~4!.~1 ['3~211~m :I~:~:::.·~.g::::'"d'.oar~.• 10"TY "'''''g;''";;ii;;,.~~~,;;,;:,,~~O,,:;d1;~ ;:"~g~.-S::-Jj ~~t:: :i~:-j :,~~:::::; P:::~~: ~~~~~JI[.__ 3521'. 3671 !Ibxw . 
strong to incipient), increase in darklwelded wispy clasts (collapsed pumice?), @ 359.2m starting ---..----. ----.---- breccia 




From To Rot:ktype Descriptioll Strat pos Expanded rock name 
3 uooc~:i.'_-.'_--..'-.33.-_'62_"~~.1 [- 06.5_- r . .. --1 ~I~~-~ ya.~~ed~li~i~~,.v_~~~_~oorly_pr~~~!~~~~e_~~~.!~~~.~~~-,=-~r.fJ_~~r~..t:!~.~~~	 l Lower Ultramafic _ ~~~~~~rth~_C~_~~I~~:,_~~d~f!=~e.nti~~dl.. ·-·.4.-i3 J talc carbonate__
8
_ 081 iUoMCsm/UoMCbc . mediurn-gr ovoid olivine, mainly 1-4mm with minor 5-7mm bladed grains, rare hopper phenos, v ILower Ultramafic .1' 
~ fine dissem subhedral-Iobale chromite, grain size layered on scale of several m ---------- -------....---.-.--------...--------. . -- ... 
[_~_---~681l_ 4091IUoMCbc I~i~~~gly alig~ed ~-;,g~i~~i~;~~-i;;-i-~-------------.-.----,.-.. -_~~~-=~::--------_~_l~~:"~!._~~t~~~~~u_ ] ~~e:~s~~~ul~i~:bi~~d~i;;-6~,-~ -I 
1 9Jl,l-:"4-4"14'.8~-59"11 '1[_44:3 ._ ,'1 I;;~:~~~~~-:~l~~, ~~:~~~;~i~~~';~~0;~~;~;~~~~~~~~c~~;~;~t~;~i:~~~:l~ gr~;gree~- ... ~~=~~~~f~~:~~~J ~~~: ~~j;;~~~~~_~e~.~:~_~~~~ure~..:5 luoMCsf .... 
__ !Fbx j coarse to very coarse grained, clast supportea, voicaniclastlc breech::, clasts size: 10-30 cm (I': 3- [FOO!Wall Felsics Jplagioclase-quartz dacite-Iithic breccia 
80 cm); monomict w/2 clasttypes: (1) feldspar. «1=5%, <2mm); (2) feldspar (20-35%,<1=1 Omm) -.-.. ----.----.--- .. - -----.-.. - ---
+I-megacrysts; rare quartz «2%,<1=3 mm), medium grained matrix (coglith + xtals); py, disp+2.5 
cm blob «1 %); Ileavily fractured in top 2m. . . , 
[-.453511 47271 1Ft Idg~ay, st alt, fine grabined, CtO-looldng xtal - Ii tuff. St Sheared + frag, w/1-1 0 cm thick mylonite 1~~~~~~T~~~ii~i:_:J F~-;;iai10~_--"--"-~_ . I 
. tlor~~, n~ln_erous ~ar.+q~a! z veln~. _ .,.__ ___ 
Hole: 85D079 
~~~~~~s--·_-----.J ~~~;:l~~ee~g;~y,-C~' fln~·g~ain~d,·s~x·(~Or~-ly-p-S-~~U-d-O--b-.I--ad-e-d-)-'-te-x-tu-r-ed-U-m-I-M- [--- -- - - - --.. -~a-v-=a=f-I~-:-;---·--· --II~-~~:~-F-u~-::-::;:~-- -:~~ I--~:~~	 
-11=-:- 1 1.-]intensely carbonated ---------- -
I 90.61/'96851 IUKS/MBS I~~;I~J~~~~~~;~;ij~nT~na~ned, spx textured UI~/~Xlava-~I~~:_:abO~~;-~:~~iIY~:~~~~~~-~~ible·. 1~p.~=~~~!~;~~~~~_s.J [------- -- ..  ] 
I··· ::::11·~:::II~:~::t I;~i~:~;~:'~~~:'~:i~~~h~:;:~:;~:t:."~':~;::':'~:':'t~'~~:~~70:~~=.~:::; ;:;:~~t, ···I~~;~~~~.""j ~'~;iti:~~;;p~~ I 
possible stretched vesicles at 98.5 & 2-1 Omm flattened clasts in homog chlorilic matrix in lowest 
1,7m 
_..,------.-... _._... _..._•.. _..-.._--_._- .... 
contact -..J ~Ila-;:p lra~sition	 - -------.----- ,--------------------- ripper Felsic-~---l 
U~tram~~ Spinifex textured komaliite, olivine IUKSo ... l rned-9,r~ined random~~~i~e spinlfex, facln~_u~._~~I~ .__ . ~pp:.r.... 
spinifex ___________. ____.__.._.. _ 
[·1i?9! [ 114.31 [UKSO Ilcoarse A3 book~, 90de-gt~coreaxis_. . . Ultr~hlafics ] Spinifex textured k,?maliite, olivine 
spinifex
--_._----_.--_.. __..._-_.... ,---_._-----_.~_. [.~H311116.41 iUKM Ilmassive fine to 9,r~ined~nit, bx in pla~:s, ? f10~t~? ultra~~~ Komatiite flow margin, qtz-chlor-carb, 
no texture 
r--116.411 116.51 IUKSO Ilfinegrained A1-A2 
__~~~.amafics ] Spinifex textured komatiite, olivine 
~Jnife!<---_-_----.------.-.-_- ______... 
[1.-i 6.S] 1--118,9/ lUKSO . Uit;:~-;fiC£] Spinifex textured komatiite, olivine 
spinifex 
[~15B,9i I_119,81 I~KfV1 I' Ultramaf~ Komatiile flow margin, qtz-chlor-carb, 
no texture 
-_._--------_._--------rUltram~ Komatiite flow margin, qtz-chlor-carb, []i~~~11120~~1 l~KN1 
no texture 
.._----_._._ ...-[.~~O,8\ 1.-120,91 lUKS I' u~~ramafi~~ Spinifex textured komatiite, 
undifferentiated
-_._------_. --------_.-.- -
Cure lvgs Page 130 vl212 
Hole: 850079 
[i'rom To Hoclaype Desaiptio/l Strat pos E\:panded rock /lame 
COI'l! logs Page 131 of 212 
Hole: 850079 
From 1'0 RocktYf!e Descriptiol/ Strat pos Expanded rock name 
Ir~~~~~~~;~~ellled, cl110ritized talc-earbonate~ :e~e_~~_I_~al_~~~_~r:~;_3~~OO~~~n spx texture~ ~pper Ultramafics J~~~~i~t~ flow marg~~_q. tz~h,o~.-~:r~~.l--. 
,sharp transition Upper Felsics j
j m~dlum to coarse grained, clast supported, -;ok;~~;~lastic breccia w/f~ld~pa~(0_2-8~-;~~IYP 1~-- ..-.-. Upper Felsics plagi;;-clase~~~rtz -ci~~il~~~ihi~-br~~~i~ --
4mm; 25-35%) and quartz (0.2-5mm; 10-15%, resorbed) phyric elasts; matnx, fine to medium '---------- --------------.--------------------.-----... --
__ grained, coglilh =I-feldspar & quartz xtals; strongly sheared and mylonitic in places . ._____ __ _ _.._. .. 
sharp contact Iupper Felsics -I \ 
Ifainlly bedded, fine to medium grained crystaltuff; w/feldspar as dominant ciast-type (1-1 Omm; 70- [Upper Felsics Jrplagioclase crystaltuff 
]1 
-... , 80%), less quartz xtals «1 mm; <1=3%) and coglilh (1 0-60mm; <1=5%); interval is sheared and ---------------- --------- ...-.. -.- -. ---
deformed in places 
-I ~IY sheared, medium grained, clast s~pported, volc~niclastic brec~ia w/feldspar «1=4mm; 3- ~erF~iZ"s---] ~i~gj;;~Tc;;e=qu~7"tZda~iie=lithi-~-bre~~ia- -] 
I 
266.5 266_5 Contact 
,-_. 
26735 267.4 Contact ···1~f~~~~~'I~~~':"~:' ,:~:,,:~~;'=~:~;,;:;:;";;:,-:~;I;m~i~-== ~~-j ~:L:':II""----·· -267.35 268 II 
.. _ 80%), less quartz xtals «1 mm; «1 %) & siderite a/mafic phase (?) «/=1 mm; 10-15%) ~---------- -~~_-==--==~=_=-_:_-:::-_-__ :-_:-_-_~:::_--. 
c~ntact -. I indistinct contact - [upper Felsics j ~ -- •. 1l Fbx - strongly sheared, medium grained, clast supp~-rt~d: v~i~~~;;;i~~-ti~ br~~~i;;if~ldsPar-(~i;;2i-Ji~, UpperF~~c~--- pl~!:j;~~las~=-qu;rlZ -da~ii~-liihi~bre~cia 
. <1g~,{,!'p~y'ric cl~sts; ~i!nil~r t~ intervaI26~:5-.?~L~§f!1___ _..... ..__________ -:--=--===-==--~: ~--:--::.-::.::::-----::. . .--
Con tact Iindistinct contact lupper Felsics j1_ j 
lip sheared, feldspar phyric (O_3-3.0mm; 25-30%), co intermediate intrusive (Salmon Andesite?); ~pper Felsics ~Iagioclase microdiorite -I '~o~~a~t ~~~:£:::!:~;,,;;::;f~;i;;~Id'P" ~ 'h·'i1~~ioI,!~'fi""'."'. -- .... . - =::=~ ,,"~~~~:;'~'~'ii.'" ",,",,;iii'-J 
UoC - - ~assive carbonate vel~ed porpllyroblas[lc talc -c~rt>~n~t~~n~-t~"Xtu-r~ pr~~erved -- ---- --- --- - - L;:;~er Ultramafic - Oiivine cG;;;-;:;late, ':;~differentiaiecl ------
1
- - - -- - -- - - - - --------------- --- --- ----- --------- ----- ---------- 1------------- --- - - -
UoOCsc 5-7mm ovoid 01, local v faint texture, coarsely porphyroblastic talc carbonate mainly with no texture Lower Ultramafie Olivine orthocumulale, sago, >6mm 
je~~~~~v~~, scalter~~ \~~Jrrna.jln_~S;lr~!n~ ~rCll:!!1.9.. 30~~ ---------------.- --II---~-------l~~~~diat;in"iru_;v~~~~difier~~iiateci-t~~~ ~-- ~-~:II~-;;oc~-~--------------15~7r~~n-~~~ld -oli~;~~-i;:;-~~rPtiyr-;;bl~stl; tal~ carbon_~e___ _ .... ~ ~I ~ower Ultramafic ~I~~~ee orthocumulate, sago, >6mm 
I· .. 37011 37521 Iuoc ·1 ~he~red, carbonai~ vei~~d, ~o lext~;'e pr~~e;.ved.-p~;;b;biyl~~l~~i~ ~~~;;cl-;th fract~;df~i~;~---lL_o~~_~n~_~r:n_a~i~_] ?li_Vin~ cU~~la_~~_~~n_diffEn~~ti~ted. 
I:3;:~ I:::II~i:I'" ·1 :::::';~~:~~ ,tro"'-~ 'h"'" , g"Y, iiO'~;,,;~~~,~y;;,~OI."""';;':;,;;;~'i;. .~:::~=:-] ~;yn, ~"::~;~i;,=~~j 
--_-.-_~~_~33~_88~.22._-:-~2_·j 8-22· -_241\ j~~:~~~n~~~:t sub:mm, stubby to lath shaped plags & chlorile a/px --J~~--=--==--::~- :~-----. ----::----\.. r--33-8 ICuorn~tact· Footwall ;elSicsl UM-flnger? Greenish gray, soft, ~ir-~~gly-~he-;;-red-~h-~G"b--m~- neediea~-~tubby ~ite---- ~;~~il Felsi~- Llndiff~-r;~at~dljltr~maf;c rO~k-'-highly-1- 02 m crystals In an amorphous-looking material. Also dark brown, sub-mm cubiC opaques with brown -- -- --- -- --- altered i 
!?tr~ak ~(;hroITl~te?). __ i ------- - -
Cure lugs Page 132 of212 
Hule: 850079 
Frum Tu Roc!aype Descriptioll Strat pos Expanded rock /llCme 
I .~82.411382.41 Contact indistinct contact ~o.otwall Fels_ics__ -- - - ... --- ------- ------ - - ----- -__ .. __ -1 
382.4 390.1 FaPP 
..... ,... - _ .. - ," ... 
contact 
,_.;:~:ll_ 393~:1 IFL 
[---- 39611. 4031 IFbx 
c- -3961 r 3961 IC~lltact 
Hole: 850080 
!UU:CO-C-C·H·-a-r·-r)--------1 ~arys:~:r::e11~;~~~a::~n~ahl~~gb~~~~n~e:,t~~kly p-reserved t~xt~re-:a:y-o~~~P-ri~~~d bY-·P-'blas~lcF~::1~i1 r 
UOC 
t- --:-1 ~~:II ~ ~~.:I UOOCSIllI 
124.05 1735 Fi-alkaline 
173.5 173.5 Contact 
173.5 174 UoC 
174 182 UoOCbc 
gray, feldspar pllyric, co lava or intrusive; w/20-30% of 05-3mm plagioclase phenos; very hard E.~	 - -
j
I;~:~1~~;:;~;'~;;:;k~~~:~"~";;;;~:~Z:~I'~II';';~I~'"IP~~:~d~;;;-P~';; ~E~;:~~~ ~:~:;i:~~~~~!~- ....1 
Istrongly sheared, coarse grained, rnatrix supported-clast supported, volcaniclastic breccia, E~~~~~-iCS --J ~~~~~~~~~~_~~~~~d~~i~~lilh~:§~~~ia -·1 
w/feldspar «1=4.0mm ; 3-10%) & quartz «/=4.0rnrn : 2-10%) phyric clasts; matrix, medium 
1~;II~t~:ft~~t~;trn),C091Itll+qUartZ&-:..fe-ld_s-,-p-a_r:..x_ta:..ls -_.-__-..-.-.__-_.-.-.. -....-_.-._-_-.. _-.-_-__-,-__-_-__-_-_-__-_-__-__-.-_._-__-.__-_-jE_~oi~~!~~~I~i~;~][ __ 
··1 :;!t~~~~-~¥~I~~~~\~L~e-~~ered !~~k ~t ~~se ~f ~iL_ S.?i!l£I~ ?9·EJ - - ---- - ---- -----
2-5rnm even grallled dlssem chromlte 
- ---- ----------~~------------- ----
·1 ma~siv~ fi~e-grained QC, after ?OOC~~parse di;'semch~~it;-and-pyrit~-cubes~~~i~te~-~~Iy--- [Lower Ultr;;;;:;arj~-I 
silicined, pure white ~__ 
Pale green fine grained collerent unit, weakly porphyritic wl disseminated euhedral py Upper Felsics 
._._-._.-.-- ..-------- -..-.--- .. ---. --....-----.-.------ ----.-- i---------J 
Contact: very convoluted and sharp 
.. ----~--.-----.--. --- --..- ...----..--.-.---..- ,.. ------.------..---- -------...-
after UOC, dissem chromite, no texture, grades to 
._. .. ••__. __..• _. .-"---._.-----._--.. __..__._---__ .-__0._.__-~ ~ 
rnore grey fine TALC-CB after UOC with abundant elongate 2x10mm bladed olivines in 2-5mm 
sago unaligned, dissem chromite 
Iuocj m;ssiv~-fin~ly p;bi~~ti~i~i~~~b·,-n~-i~xt~r~- ,.-----.---------------------.--~-







Lower Ullramafic Olivine cumUlate, undifferentiated 
. 0. . 
Lower Ultramafic Olivine orthocumulate, bimodal, >6mm 
Lower Ultramafic 
\"-0:;cliv.:.:in.:.:e-'., _IOlivine curnulate,-u-n-dc-if--:-fe-r-e-nt-ia-t-~·-d---··-··--· 
~~wer ~~~arnafi~J
 
.. ---~ - -- .-- - -+ - .. - -- •• -- --- ----- ----- -- - - r-~---------I ~2::11223:1 ;:"p____ II~;~~:~ :~:'~;:~:, ~~';::::~~, pl,g,ool"~ '"' ~~r< ph~~;; m- u-T::;::::::: -ti~ t:2~~ ::OC-,,-_-j~-~-~_~~vl~e:-::sl~r_~-d-;;S·~~n _~U_~~~_~t~_~I~~~~~~_es	 ~:~;::::
to _ 
['--2261I: -2281rU~-c/UKM- .- jf;:;;~d~~~t~Y~h~~r~d-Chl;~lte-nch cl,1~r~e-t~~;;~b6~~t;: possible faint relic bladed texture in ~ower Ultramafic ] d
- ..... -- . - places, coarse pOlk'blastlc carb, locally grading to chlontlc RZ ------
6li~i~e c~mui~i~-: u~diir~re-~ii~i~d ~ Jl~I!~~e o~~~umul~_t:~~risi~~_____J 
~li~~~_~~~~,_~~0~f~~_e~~~~~d--· 




scarce feldspar micro-toscanite 
~I~~~ee orthocumulate, bimodal, >6mm 
.l.. --- -- - ~ 
,,"Ph'bm'-.],g';.'" p~ph;~ ~:~~~nee orthocumulate, sago, <2;;;--
' _ ~=~~ =-_ =~_ =_ ::---.-
'-----~-----
[: :_~2_~1 [~2951 19_~C/UKM __ ] ~c~:~~e~~~~- ~ery Inl~~;e qu~rtz and carbonate veining and locally str~;:;g~earin9.Pr;;-b~bi~--- - [L.ower_~tramafic_J C ~-==_~_-:_~: ___ --"]-
[-229.51 [ 229SIIRZ -I q~-~rtz vei~ and re~cti~n z~ne ---- ~ --_~_ ~- - - :~~_-=:-=~_~=-~~_-~=- [-~=_ --J [:=:-~~_-_~~-=~ _.I 
Core logs Page 133 of 212 
lIule: BSDOB2 
From '1'0 Rodi~I'pe [ _..gl_ .... S.1] rum 
[.:.·~.81.1 L·-1?~II~O()?Sf 
l_ .. _.~~~] l~ 144·~1 IUo~cs~ 
IJescription Strat pos Expanded rock /lame 
Irpre~ollar .. ._n_ .. ._.h J ~wan channe] ultndiffderentiated ultramafic rock, highly_m 
a ere 
-Ilfllle graln.ed ~ ·3mrn olivin~, minor ~.'~.~~ .su~~d~l~ba~~ ~~~.m!:t~~-~9hig~:.-?!n.k-t~~~? .~-~~~ ~k Swan chann!l ~1'IIi~in'e ;rth~~u;;:,Uiate, ~-;;:g-;: <2mm· - -
o vme, 
] rare coar~~ blade olivi~e pl1e,;os I~ iypi~~1 2-5;;mOC~gr;0i~-;iic talC~~;;;b-;~';;e~~ ~wan channe] 0!i0Morth~~umul~~~ ~~9~,2-=-6m'm
---- .. -
.....11-4444...69.1 .. 144 .. 9 IU~OC(H~ro' ~~::~~~;::~~~e;e~::,:::;s~I~~::;~;~i~~-~;~;~~~~~;'~~;i;:~~:I_~.O::I.:~s::n1fe:_v~:~:_. ~Iack Swan c~~ ;nn~.~~~~~~_~I~t~.,~~r~_~iti~. .-1 
155 8 IUoC fine p'blastic medium grey laic-cb, carbonate veining, no texture Black Swan channe Olivine cumulate, undifferentiated 
1558 r-i'65 fu~OCb~~--~- ~inly 5-8mm subequant with 1cm bladed grains, weakly aligned, 0.5mm minor dissem sub- Black Swan channe Olivine orthocumulate. bimodal, >6mm'-IU -.... .-. . ... '. .. . . .. eulledral cl1romite. light grey cb-talc-cb-quartz - .-- olivine. 
1':.165] I 165.211uKSV ...] ~~~7~~~~~d~~;1'~iivif;;b-;~k~ir;-v~i~~iih-~~~~-.~.0~t~~t~Y~0~~~~~-·=;.~= __.. :[B1ackS~~n chan~ ~t:~f~Jf:'~~~u~:::~;~g~r,..-:_·_~_~-=-·-=='~ -
1--'-; 6S.21l 177J 
--.... --_.. . 
77~88 
188 190.6~~-- ..- .----_._. _. 
1.~_·i:~O~~j 1__ 1_~~!I 
luoocbc ] mainly 5-8mm ~ubequant wiih 1cm bi~d~-d97~i~~:-~eak'ly-ali9n~d-'-O:5~-m-mi~or'diss~~~Ub--.. --lBI~k S"';;;l~';ha~~ 
. eulledral chromlte, nurnerous thin IIltruded spllllfex veins, avge 50cm spaclIlg, contallllng coarse 
1-3c;rn.l:>I!~irl~ pla~e~, ~l,l~pCl.rCl.II~I.tl:> !~y~~nlL .. ._ . . ._. _._. 
~~_...__.__....J coarse p'blastic tal~~arbonate, abundant carbonate veining, no texture, occasional spinifex veins 
lUOOCbc . J rnainly 5-8mm subequant wiltl 1cm bladed grains, weakly aligned, 0.5mm minor dissem sub-
. .. ... . . . euhedral chromite, numerous thin intruded spinifex veins, avge 50cm spacing. containing coarse 
I~.~SV
 
[··~_90.7j ["'227) IUOO~b~ 
l· .. ..] [··23.3..1I .. . .. ___ . 227 . ~?~Cbc 
[~.:=~~~j l~ 2S01 1~??CbC . 
[~~~JI 266) l~?6~bC 
[_~~.~~ l 270J I~OMCblll 
[27?1 l~~21 
300
1 IUO~CbC .L===2~3] I 
R~1R~ luoc 
1-3crn olivine plates, subparallelto layering 
... 1 ~~~~~~~~i~0~h~2c;~bl~ded·~~0~~:.:~~r~~~.n.t~~i;~~~~~~d~~-·-:==~~~~.·===~== __~----
........... 1~~i~iy5~8mrn~ub~qLl~;;_I~itil 1c·mbl~d~clg~~i~~~~~~kiy·~iig-~;d·;-6.5-;;:;-m;~;;:;~rdiss~m;~b~--_... 
. eulledral chrollllte. numerous thlll IIltruded spllllfex vellls. avge 50cm spaclllg, contallllng coarse 
1-3cm olivine plates, subparallelto layering 
.-.-------.---~-
Black Swan channe 




~~==~==__==~:==~~=-__:_: .. '.. : 
Olivine cumulate, undifferentiated .~ 
Olivine orthocumulate, bimodal, >6mm 
olivine, 
--..- ..~-_._--- --.. .. . . 
~~~ ~~~~~~:~:~~~~~~~:' irregui;r~· 
@Iack Swan channe] O!i~ine orthocumulate. bim~~I.;6"rrlm 
. ohvme, 
--.-- ----.---..-.- - . 
14~7;:;;;;:;~~~~~P~k~-cl ~Ii~ir~e -;;ilh-bi;ded. grai~;--t()1c~~'flow ~lig~ed~-;eU p~e~~ed .texlur~·,-mi.-n"~;:--IBi~k Swan chan~ o!i~;;~ m~()~~m-~iaie:bi;:;;C;d~i~;6mm .J 
... dlssern subhed-Iobate chrornlte -1 mm. Irregular lobate 1-5cm patches fine grained IIlterst melt '-~-.- ohvlnes 
forming layer-parallel "mini-harrisite" layers ----.---.---- ---. ... 
] G;~i~--size fu;"cluat;()~f;~'_;; '4='8~'1=4~m uooE;;·;;.;iihbi~de---olM~~phen~t~1 cm, spinifex'~--;;i~; lBlack Swan channe I O!i~ine ortho~umulate, bi~()dal~·;6mrn·--
. spaced 2-4m, antlg-carbonateonate with patches talc-cb : . . ohvllle, 
.' ·15-i~0'~~b~qU-~~lc,ii~i~;';-ell·p·res~~~dte~ur.e:~ ~mc~la~~~!~i~~~ Ph~~~~~=-_-==-~~~~-.~-~=~~~J=C;rth-~~umUiai;'-bim()daI>6rn~; 
Il2--srnm:Close p'ackecl()livine, othe~i~ a:-~b~~~.·~_: .•._.-_.:... ···.=n~·~-.=·~~.-.===_==--=-~=~~··~.~]IBlack Swan channe I ~I~~~ne~ mesocumulate, bimodal, 2-6mrn 
Halternation of last two rock types on 20-4~C~ s.:~~__ _ ~~·=.:-.~~-=~=~~==- .. IBlack Swan channe I 01~li~line orthocumulate, bimodal, >6mmu ] 
, . .. 0 vne, 
.•. I~ale gr~~~~lc~~b: poorly preserv~di~~~~·~~i~~~~~~·~~~-~_~_-~.·_=:·:==:'.=:.~~:.~~-==_-~-_J@~~~~~J ~:~~~nee orth~-;um-~Iat;' bimodal. ;6mm·· 
.1 ~~a~i~~~1 ~pi~ife~v~i~s in dar·k grey p'bl~-~ti~~I~--=-~rb();;t~·.~o l-;;>ctur~"-··--'-'-_·---'--· .-. _..BiaCk· Swan channe I ~;;Ur;~te;:~~~ed···· ...... -
l0~oc-~-----ll:~~t,~~~~~r~~j~~~~~~ ~:~~ni;t~;~~I~~~~~~~!~~ ~~~-;;~;t:;~rTt~~~~~a~::~i~~~ ~cat~~~~:~~d.~._. ~':k s~~_~~_~~ ~~!~ne~.~~h_~C_~=.~I~~~~~:dal. ~6mm.
 
Cllre logs Page ].17 ()f 212 
~llIr 1 
Hole: 850082 
From To Roc/{9'{!e Description Strat pos Expanded rock name 
r-. 4031L 4~71 [UOOCbc Jf5-7mrn olivine with 1 cm bladed aligned phellos___ _. J~lack Swan ChanniJ O!i~ine orthocumulate, bimodal, >6mm lH __ .__ __ _________ 
m m 
'"'''' P'b1"'" ~IN;;bO;'''', 00 """",;,;;;,IO,i;,'"IO'''' .....,,-- ---- ,::, ~;;;;k'S';"Oh'~~']~;:'; ,",""""",,,i";""';d '-Im' 
j 5-7rnrn olivine wil.h 1 CIll bladed aligned pllenos, intermittently preserved in light grey talc-cb, ---- ~~kSwan ch~~n-; Olivin~ orth;~um~li~.i~~-bi~~d~i:-;6mm . 
- minor patches antig-carbonale . ----~ !"o.:;.liv;..:.in;..:.e::2, _ 
,- _-43~) I 4471 IUOOChC I~~ coarse hopper and bladed olivine, strongly flow aligned, sparse scattered 1mm euhedr ~~ks~~n chan~ Olivine orthocumulate, hopper olivine--
· chromite -----~- >6mm olivine, 
1-' --44711 4521 IUOOChc[$] 1r;;~-o'{'-2~20mm irr~g~lar conv~x to sUbspheric~-' co~p;~i~~iii~~t~-$ bl;bs~-r~~~-Pai~-h~-;-- --- -- rBl~Ck s-;;;-;;;;an~ Olivine o~~ocu~ul~te~h~pp~r-~Iivine 
preserved olivlne texture III mainly textless grey talc-cb -_. .---- .. m_ >6mm olivlne, disseminated sulfide 
I 45211 473.4( IUoOChc[$] Ivery.poorIY-PI:eserved le.. xlur.e,. p'blaslic grey talc-cb,. no $.. ,.. alt.ernati.ng .on. few.-m.. sc.a.le with bleb.bY .. jIBlaCkSW~~~hanneJ Olivine o~~ocu~ulate.: hopper OI!Vin.e 
:311lplllde-beallllg material as above -.- .. - .. ---- ------. >6mm ohvlne, disseminated sulfide 
[ 473j l 474.5\ IUoOC(haH) vesic j~~~lJo~~~ith 5~AJ of 5~10~ln ~~b~pherical to r~r~lyinl~r~iii~~_car~;n-~i~_=~II~d_~_~~i?T~~~~~$------ ~~~~s~~~~~~~i~ Oliv,.ine, 0rrtt]06cumUla,!~~ ha~risilic:---' 
vescua, > mm olvlne 
!UOOChc . livery poorly pres~rved lexlllrein p'blastic talc-~~rb~~~t~~';-S~b;v~~min-;r-d;s~m sUb-e-;;;;-~dr~I--- ~Iacks~--;;;:;'~~n~ Olivine o~hocumulall;;'-hopp~r-oiiv'ij,e ..1_ 474.511 504\ 
\~:~~:c ---~1 ;::~, om bl,'" "",bl, ''''0 ,'" ,~II,'" "blob ,""m'~,:~~, m"~~-l m~,-- ''Ok ~~ :~:~, ::::"m::,,"~o~:,>~~ 
· poorly preserved texture In vanably carbonated TALC-CB and CTQ. locally with strong haematltlc ---------.----- ollVlne, 
~~~.!.~.~~~ _. -,.__._ _-_ ,-_ _' _--_ _._._ ..--.. -. -..* ==~~~:'~.'.~~~' - .._.. ~_.•. -----_•••--_.__•• --_•. _-- .. :' 
Contact lost in -20cm chloritized zone IU?per Felsics-=-~=] [ 
ICoherent fine grained HW unit -11 cm thick quartz vein culs unit near center, mottled appearance ~per Felsics~ ~arce feldspar micro-toscanite obscuring texture, may be related to the fine grained pale HW unit (feldsparspathoid bearing unit), - ..----.-- ------.--.----.-- - -.. -.---- --
RZ &£,:~:~;Yf;'~1ci~~:;,,::1;:"'-__n. -_.. .. --- .. - UpP-;;;F,,;;~; __m ,-T
jUoOCbc .•. v~ryp~orly pres~rvedl~;t~r~ jn~-ar1J·on~te~ri~h-lighigr-e-yt;;JZ~b:_m;,:;~-dj;sem sUbhed~j;b~te :IBlack Swan ch~nne 'olivine ~rth~cu~ui~t;:-bimoda;: ;6m-m ..I
· chromite· -- olivine, 
UOC r~~~ ~:~l \~ -~~~j !UoOCbc -- --] :~:~~~':~;~:'::::,:::, 'p~;i:o~:::~;:~~:~~:;;,~~;;."" ,~"'ooo', ,""m'''.. Ir.:::: ::::::::::I;,;~:: :~~:,~:;;:.~~~::~6m~ 
629 luoocsm J~'bla;ti~ talc c~rbonai~, poorly-prese~ed- te~~r~: o;c-;sionaTsmall p~tCh~S s;;-o OC texl~r~~--- ~ck Swan ~ O!iVin~ orthocumulale~~agO'_i6mm----[=_6oiJ 1_ 1 
5mm grains, minor dlssem subhed-Iobate chromlte, 1mm grains partially replaced by chlonte ---- I-0"-hv-eln-ee'-'-, --ll 
l:=-_6~~ll_---~~i I !UOOCbC -- -J fine 1-~mm sago oJivine with 1x5rnm bladed olivi~e,_ ~I~~_ ~I~~~e~~~s~_=_~_~~=_ eUhed~~!om!te ~_ Black ~wa~m~~ 0l!i~ine orthocumulate, bimodal, >6mrn 
o IVlne, 
Core logs Page 148 of 212 
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Hole: 8SD082 
From To Roc/(ZFpe Description Strat eos Exeunded rock name 
~'Coh."o', ph,"~,'oh ;""";'d"', "ok, "~'""d '0 d"k """"'~''''" ,',i1h,; 000'''' (SO-aoom IUPP'" ","" I~iotite plagioclase porphyry ._--,
of core), pheno mode_ 40-50vol%, dominated by feldspar, and lesser chloritized maFics mafic C_______ --- - --------- ------ -------
[3~t~~j 1-6~~:j	 I~~~csm . 
!uoocsml_:!?6_ll72~j 




1~~I~a_c:~- -~ :::~ H-~~1	 [FbPP 
'~OnlaC\ I~);~:: ~:~::JI 
L_~~5~ 756_~	 IL 
l~au't ..[:;~:_;jP~	 fL 
[=~~~~~j I. 756·~1	 Ivei~ 
Hole: 8SD083 
L 
- - . -
[:i~}. iJ I. 1071 IUKSp 
[=-~~~~j \112:31 1~~6c~f 
UOC113.71 
114.1 UKSp 
I i1-41111144\ iUKSp 
[-~~:~:~I \ \ 
Core /oJjs 
e.~~~!9lY Eep!a~~~~ c~~~~n~~!n ~~0~.e!~or __ _ _ _ _ _ _ _ __ _ __ 
Contact sharp and cllloritized (4-10cm thick chloritized zone) 
3-5mnl olivine, finer grained Interlayers, minor dissem s_ubhed~IO?a~~ ~hr~~!~e _ _ 
.112-i5mm, euhedr cl.lromit~ to 1~m, 1~~~iIY~ up tol %~~~-ri~~ ~;" ~h;;~ii;;~h-;d7~I~h~-~emor;-· -
~_~':l.n~~~!_()t!~':~lse.I~~~~,.E~tch_~::;J!:~~~.~~~~_p'blastlc talc-~!b0!1.ate, ~textureIas above but fining down to 2-3mm oiivine, fine bladed grains, <1 mm euhedr chromite, cumulates 
__ Idirectly to contact 
ISharp ..------ .~=-==-.-:-_-:~==._-~==__==--~-~-_-~Wl_~'!i~_::--~_·---::-_-~:~-=:--~_~::
Coherent, plagioclase pllenos (dom) mode </=5-10vol%, dispersed pyrite cubes «/=5mm) Footwall Felsics plagioclase dacite 
</=5vol% and fine veinlets with dissem pyrite, deformation (shearing) visible in rock (systematic ----- ----.-.-------.-----.---- .-
~i~n_f!l.~n! o~pl~~!()<:!~~~.pheno::;L ... _ . . ---.------ _. . ...._..._.. _ 
C_~nta=_ts with a~~=-~~v_e_ry sllarp and ~~altered	 , . ~~~_eeIISsl~cCss -J Lbl.O-tl;~·~:~~;~~;~~;;~r;~y __ 
Salmon Andesite? Coherent, kaolin to reddish pink plagioclase phyric rock, possibly salmon [§§ 
andesite, plagioclase phenos «/=30vol%, </=3mm), possible mafics_. 'Sample BSD82 - 747.75m. 
CO;l-i~~t~itil -underlyi~g 'unit very sharp and un~ii~r;;d·------·-·---···--·- ----.------------ -lr~;;twa'i-F~'Si;;---~[-- .. ..------ ------
.. ~;:~~;,::;:~';:,:':::: ::~:;, ,"k 00'" ""'to ,'mil" to Ih" '0 FW O~::,~~~,::~" ~:;::~:;~~;-j~:;::~:;:::~L __ 
~~:~~:t:~~;~~I:g7u~:'4i~:r~:k~oC:;; e~;~t for <1 m below upper contact,·w:er~t-is veined an~-::::::::::-I ~Ia~i~clas-~-~a~i-t:-·- .--- --- ----..... . __J... 
altered. Contains several clasts, some very strongly deformed. Possible xenoliths in lava?--" ~~.--.. -.-.--.----- ----- -.-- . "l 
.J v;n~d~~ ~I~~;p, i;~~~-ul~r~~~t~~i---- --- -- -.-------- _-~-.:-.:~~:--:~=_~===~: __ E~~t~~_~~_:_~~.~J [-:-=-::._-:.:-:===:: j 
. ___ _ . _ 
Upper Felslcs 1 
~~~~~":"_~m cha~~] ~I~~~ne~ orthocumulate, sago, 2-6mm 
[BTa~ S"::;;~han~~ O!i~ine orthocumulate, sago, 2-6mm
------=_ olivlne, __.___ __ ._._._ . . 
[Black Swan chann~ O!ivine orthocumulate, bimodal, >6mm 
~~ ~ ollvlne, 
I-_--_.-. -.8.-.-7.] l. i-01 ... i.1 Iu.·.o.-6cs,U.~O_-Cbf--1 p-~~~iyp~~s~r~~di~xt~r~-i-~ gr;y-p;;;i~;i'i~- t~i~~~~~bo~ate.;;:;-ainJy3--5r;:;;1~--;ii-An~~ locally -----------Upper Ultramafics 1[---'-- .-.------------. -'-... -.-- . 
_J 
.. bladed/allgned, dlssem. sub-to euhedral chromlte <.5mm l~________ ---.-.. -.----------.----------- .. --.- -
. ·lii;;-;-brec;~,p~i~huy-p7eser:';;;d-~;nd~;A-1-iA2n-;;edles:-ii~-ctuaiinggr·aT;siz~-in highly fractu~ed- ~per-Ultram;;nCS J ISPinii;;~.teXiured-kOm.-atiit;,-PY;~~.~ne.
 
... flow top with abundant quartz-carbonate veining in yellow/green/grey carbonate-chlorite-quartz-,-----·- ~nifex A2 1coarse blebby and eulledral pyrite dissem below 105 ---- -----.--.-- --_....-- -- .... -
.... .1 fi~e~rained Bzone,1 ~3mm. hopper ol~vjn~~":"~~~~is.s.~~~_~~~yr~t~______ _ . ~pp~;uTtram~§] ~i~~~e~ ~·rth;c-u~-Uiate-,~ago:·~2n:;m 
'I\.,.,;~~theied- .-. ----- - -- -------------.--- --------------~-... - -.--J IUpper Ullramafics Olivine-cumUlaie:'undiffereriiiated-
flow top, pOly_gonally j~i~ted, v fin~~~aine? a1_r~ndo~_~~r~_~~~e_h~II~'N~_ee_d~e: . ._._ ~p.:~_~Eramafics ;~~i~::1;;f~;;;dI<OOJallii~-,-pyro;~ii~ 
.. Wine to v fine grained a1/a2 random hollow pyro~;;~~.n.eedl~s, __Sili~ifi~d__ . -~~_~~~~~=.~-~- .... :-j l~??iiUltram~ficSJ ~~;~;~_ur~~ kO_matii~e,_pyro~~n~- - --1 
Page 1-19 0/212 
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Hole: 850085 
From To Noditlee DescriptiO/1 Strat e,0s E.xeanded rock name 
Hole: 850086 
... " ...•.. _-
66 ~t"f~::;---	 ._--._-~~~~-~--~~ ~-~= .... ._~ U:U""omU" 
. 79.5 luooe ~rey_ p'blastlc talc-carbcnate, no textu_re ----_---.. ----_--.~ .___ ... __ Upper~tra_~afics[] i~8 88.5 UkSo1l2 fine al to a2 plates over top 50cm Upper L1llramafics 
, --- - - - --.-.. -- _._- ----- -
Oll,;",,"m;';~;';~;;;';=-
Oli~ne orthOC~~~I~~::..~~dirr:r:.n.~i~~:d 
Spinifex textured komatiite, A1/A2,
olivlne 
1'-- '~8511"- 915\ IU I<So/3 '11a3 books, core angle 0-30.__ ___-.~] §=~.~I~~.~.~!.i~sJ ;~~i::: ~~~~edk'~~~tiii~, '~Ii;;;n~'" 
[ 1~::1 H+~~I ~~~liW----II~:,7!;b;::~~':~:~~;~;:b~:'CC']~~:~~;~
 
I 112.. 3.·.ll 116.71. !UKS02 
I. --
116.·7Il 117.71 IUKS01 
l 117.7 121.1 UkSol/2 
l·~~~)j l ~ ~~':II~~S01/2
 
1.~:123j l 125.2] IFt+Fbx$ 
l .1~~~ ~11128, 1] lFbx+ rnt 
I.': 128.ill 130 11 IFlst+ Fb~$ 
1.~130111136.4IIFbX$ 
I. 136.411 137.31 Iu m 
l~ 37!11.1~81IlFISI+FbX$ 
["1380511 13961 ILJm 
Irandom a2 plates alternating With very fine grained carbonate,chlonte-qu~rtz, 
JOinted, probably thin breakoutsIvery fl;';-~ gra;I;~d a1', p~lygonaljoints, 1c~ sUbspherical fe~sic vesi~le.~_. _ 
fme al/a2 polygonal jOinted 
• - • -
~~ t~xture: POlygonal-lrUPPerUii'r~mafi~~-J 
L __ - --. ---- -- -. 
- .._ .. - ...- ~~ppe-~~~rarr;afi~~8' 
Upper Ultramafics 
_0 • _ ~ _~ _ 
jl:~e_: ;:i:::~~0~; i:~I~~~:\23.~---"--·-"--'-·-'~~:'~_--_~==~~=~~==.~·'.'~:~=j~~~
 
.---~ ..-------.--- ... -duJl0~rm~IIY ~raded vOlc~~!c iUff t-Ob!~~~ia-.~::=_':':- _~'=_~-~:===~-=--==.-'.'==~--=J §..?~~~elsics· Ipyritic crystal tuff and plagioclase-
jVOlc~n~ br~cc~ f+ clumps ~uP t~~~~le(~~~~i~~fi~~gr~;~~d-m-;g~~ti~+c~o~t~:'s~r;~~~d~d by" -j~per_~'i~~ --] 
. fJl~S ~r. t;:oor~_II)E;l !"1r~ln~_ ~1~ ~rl~ _~.~r.I!l_!.~ssn:!.~_n.ll1ore t;:~r~n.?..~~'JVI!..9_E;l__. ----- ..-.--~.-JIIntercalated mediumand coars:'~r.ain.ed fra~.~e_~t~ u_nits ... __..______. .____ IUPP,:!~~:i:=-- __ 
ICoarse·grained pYritic volcaniC breccla, matri; pyrii"e increase~ -dO~;hOI;(fO~~i~-cl~mpS), a-iittje. )upper Fel~Z; -'J 
fining as approach lower contact -- -----
IPoSSib~ 'Oo-~-te;cture~'~bl~;k'dendr~tl~ ml~~~a!:'h~rd . .'.__ ~~=.- _=:"~_'=_-=- --~~_ ~~er U~~~~~.:>] 
Il~~~!~~to acoarse-~rained U.~lt ~~V\ln~~':'~.u0'p':.~flTl~~~=~.::=~:.:_:.:- ._____-][uppe!~~·lsicS=J 
IIDens~, green rock, black dendriticmin~;~la~~i~:.~.~ie'r;o?y~i~~ri=~e~~~~!::r~:=~-=:'-==--][upper ~~~-afic;-J 
~;~~::::~;':':~'I:~~:~
 
Splnifexl;Xiured komatiite, A2, olivlne 
---..-.- . 
._--.--_._-.-- . 
Spinifex textured komatiite, A1, olivine
--------- .. __ .__ .~~-, ..,..~.-., .. __.", .. ,. __ .-





Spinifex textured komatiite, A1/A2, 
olivine 
quartz dacite-Iithic brecc~~ ____ ... 
-
Fbx with magnetite blebs after pyritic 
clasts?
------._. __ .- ..-.-- - .. - "-_.. _. ... 
pyritic crystal-lithic lappillistone and 
plagiociase-quartz dacite-Iithic breccia 
pyritic plagiociase-quartz dacite-lithic 
breccia 
-.---_.-.-_.-_.-- ....,...- ..... 
Undifferentiated ultramafic rock, highly 
altered 
pyritic crystal-lithic lappillistone and 
Iplagioclase-guartz daci!~-Iithic ~reccia 
Undifferentiated ultramafic rock, highly 
altered 
-- ... _-.-._.__ ..._---_._-
pyritic plagioclase-quarlz dacite-Iithic L'~~~~1114281 r_bx$_Jl~~ar.se tOfin.e~~rai.ne.d_~nil~ wl m_atr.~_~~_~~d.-ji~.i~~~~:.__:=--_.=-_'~.~::_=~=='=='_~··::=~_-:.~-=][~~~~!~~=J 
breccia 
Undifferentiated ultramafic rock, highly[-i42~~1 [:-1431I~;~.. ...•. '_-..]~r.e.e.~~ h~r~~!~!!.~~~~~~~~i~e.~~~='~:~':-=_=-=.=-'--"- ... -.--------.=.=-~~= J!Upper Ultramafic~ 
~____.___......._..__....___.... ___J 
Core logs Page 156of212 
flu le: 850086 
FrOltl Tu Uud<zvpe Descriptio" Strat eos Exeanded rock name 
[ ~~o~~1 [i61:1 I IF$ .. 
[16111[165'.91 !FbX$ 
l· "~i~5:9Il,170-il [uksoi /2 
1",.,1.70!11171.5J [Flst+FbX$. 
Core logs Page 157 of 212 
Hole: BSD086 
From To Roc/aype J)esaie.tio/l Strut pos Expanded rock name 
"_t~7~ ~:: I;o~, 
203.5 205.3 UKSo2 
205.3 207.6 UoOCf 
207.55 207.6 RZ 
r~20?~5 .20.8 . 31 Fbx 
L~~8:3 ,. 209 IUKS vesic: 
[~.-_'~~~ l. 211.81 lUKS01 vesic 
[=~11.·~1 L~~ii81 l~ooc 
C--23C)iJll--2325! IUKS~ 
2385 UoOC 
243 jUI<Sor· ~:~:II 1 
[~ .. ' 24311 2501 !UOC/UKS 
l.. 250j i 32181Iuoocsrn 
3401 l~OOC(Harr)C[~~~1 .. ~j l. __ 
l_,,·_. 3~~J l 346[ !UKM/UKS. 
UoC 
MKSp 
. -I ::::'''~::':'~::i::::'t~: l::"~:,::;~~~~"~ ,""~m=~~:~~~~~h'O~"~_~~ ~:~;~~~:~! :~~~:~~:~~~~~'~~~~.j
 
bladed and skeletal grains in B1 zone in upper 50cm, then fining to sharp basal contact Lower Ultramafic Olivine orthocumulate, <2mm olivine, 
Conta~i:;""1 chl-Um sh~;p .....--- ..----.-.-- .. - .-. Upp;F~lsi~---- ----.. --.---.------- ····-1i 
~~:~:~~~~::i~o:·t:~x~~t:~:~;~!~~~:Jdf~~~~a~:~~~:f~t!I:I:~~:~al~~cingves;~:s~~~.. ~~~~~~~~safic-- ~~~f~~=~~~~i~~~:ifs:~::,:~··~1 
i'prevlously sampled l... .- ~.- .-.-.-- -.- ....-- ..-- ...- ... _.. . .. .. 
Irn·eciium~c~ar~eg;ained r~ndom~livi·~-~~gr~d·i;:;g-ini~·pai~hy;;;;:;dom ';"ith po~'~ible g-hostiei~-ic-·-·- r~~e;uit;a~~fi~·J Spiniiextextured-k~rn~iiii~, .t.J, olivi~e, 
.1 ~~~}!~l~~~~~~:~~ir;ii~~alc-carbonate, notextum,-S i~;;e, v~;Yfi~'g;ai~-eddiS~em~su-b=i~'----- ~;2;~i!r;~~fi;] ;;~:~~~~_~l~~'~~iii~nliaied· 
.'-'1 flow top bxover t~p 30m . ..._. . . Eer_~~t.~amafic _J ;~~~:: t;>dured-k;n;liit-e:-~Iivi;;e- ... 
II:~~;";:::~~:"' :,:::::'~:~:m A2 Oli;i"'·P"'~'i~;"kg;'!-P';~i;~~~b~".··.·]~~~:g;~] !~~:t:~;:;'~I:t::i't~ •. 
I~~~;~~extureless dark grey p'blastic talc-carbonate ~;th mino;inte;val~ iai~liyp;~s~rV~d~livine···· [~w.-~~g~~~~~~] ... ~=~~~~==_~ .-- .-
--_ ...•_-----_.__._-. _._----_._~---------._-
UKSo2 mainly medium grained with fine random pyroxene needles and widely spaced coarse olivine 
plates, alternating random and books, 1-4cm, widely spaced chlorite filled polygonal joints, sample 
371.0 
., mainly poorly preserved texture in dark-medium grey p'blastic talc-carbonate, rarely preserved 
pat~hes ~.::'..J!l.r:r! ~ago ?11~ln~. :~-11T~rTl ~.I~_~~_~b-~?.~b.~!~I_~~~omit~ . .____ 
Jl~arri_si~~~~li~in:Gulll..ulale will) a~u~~~nl ~:~~rJl_~ s~elelal:.~~~~~~~~.~~~.!::~~~~. __ .__ 
Ifine grair;'ed'higl)ly-fr-a'ctured 7'flowlor;bre~~;;;'-po-o~ly'p~~~~-;:~~o;;patch-es fine grained ;ando-~--
~Y.!:c.!~~~~~()!iv~~_~ . . .. . __ . __. 
grey p'blastic laic-carbonate, fine dissem. sub-to euhedral chromite, no texture 
-- __ .. --..__.._. __ -_ _._._-_._ ..-----
medium-coarse grained pyroxene spinifex, random needles 
~werUltramariZ-J oli~ine·-ortho~umulale-:~agc;,·2-6mm 
__.:=~-=:-_--===- ~ .__._.___ .. .. 
[~~~I~~~J~:~~~nee orthocumuiate, harrisitic, >6mm 
~ower Ultramafic I~tiit~-iiow margin-:p;s;/ble f~,-;:;t· --
.__ _. ~nifexlexture . .. 
Lower Ullramafic Olivine cumulate, undifferentiated 






High Mg Basalt, px spinifex texture 




-I C~~-;:-se 't~ ve;y:c~a~~~:grained volcani~ ·breccia(-up-i~-60~~), 95 s~~-~s to i~crease do~~h~I~-~~" lFootwaii-Felsic;-·-1Ipia9i~_;;ia~;q-u;,;~~d~cile-iiihi~br~~cia .. , 
.. 1 does proportion of clasts (all plagioclase phyric), some pyrite in veins and matrix, nice fabric and 1:....---- -- --- I!:---------. ~--.- '. -- .'- --
ali.\l.r1rnE!nt ir1 pl~(;.e::>,~t€lre~ wl s0rTl~.!~I.(;-,-El:!.':'2!(;~:_ ".. . ... _. .. . . _. __ 
Page jj8 oJ 2/2 
$]!n 1 
__ __ 
---- --- -- -
Hole: 850086 
From Tu Rm:/i t I'pe Descriptio/l Strat pos ExpalU(ed roe/i J1ame 
.. 433~~ [435.81IFb~ plagioclase-quartz dacite-Iilhic breccia j 
[ _43~.7~ I. 4~7 ,Fbx Pi~gi~ci~~-~:q~ariZ-d;di~:iilhic-breccia '. 
-- .....• _....-._.-.._- .-.._..• __._----_.- -.-----
~lt;~~~~~-----------1~~~~lIar - - - - - --- -- ~:~:~-:~tl::a-;i~:--
MEJ? . -. 11~-reen-l1lgI1IY oXldl~~d flfle-gralned rock cOller~':;t-fra~~~niaI7 Hard to ~~"__- - ~_---=-_~_~~~ ~ _~_ ~e~0i~~iT~:~ ~~_:-~ _ 
Fl$ Highly altered unit, first few m dark grey to altered green, possible FVand possiblycoherent, next Upper Felsics pyritic crystal tuff ~ 
. . -2m, very complex possibly bedded seq, altered,multlcolored grey, green buff, stained to very ------ ---- -----.------
[_ 92.~~ I. 95·~~1 11\1 67 
['~~7~ [-98~191 IF,st+FI$ 
I~ .. 9~.1~ [1 0~:11 iFISI+Ft$ 
1 1..~.~J I.: 02.~j [Flst+Fbx$ 
[--_1'02] 1'1274] IUI 
[i~i-4~1 [1~~.71 IF 
1--1-ii~ l~_2~:7.] IFbX$ 
IContact1-67._~ _~ ~~~ 
167.45 167.5 [ I~:~~:~~'---16745 168.5 
dark calor In places, contains sui fides 
JH~~vily ';';eaih~r~d-~~d-~i~i~~d-~~r~-(dark oxide--~i~ining)~-L~~ks-coh~renti;,-;;i~;ces:_blebby i;,--------luppe~Uii-;arnafics 1[---------·-- --.--.--------. -j 
-..... others (both sampled) - greenish calor ------ ---.----------- .-------------------- ---
IAppears to be felsic fragmental rock, fine to med grained clasts_ Appears to grade from med IUpper Fel~ics ---I PYrliiccrYstai~llihiCiappijjjst~;,~-and---
grained at top to fine-grained finely bedded unit at base . ----------- plagioclase crystal tuff . _ID~iin-i~iyir-agl;.;e;,tai-rock,·~ir~;,giy.~lt~nd-br~ken;o-re~p;eci~m-rnedi~~-gr~inedV~ICanici~s-tic-- ~~r FeiSics- -l pyrit!c crystal-lithic lappillistone and 
- breccla, lop 60cm - almost unidentifiable aithough looks coherent, changes IfltO fine to medium ---- plagloclase ~ry~~~I..~~rf .__ ._ 
grained volcaniclastic breccia mod sorted, iowest 15cm of interval it grades into fine grained "--------
possibly bedded rock juppe;-part v-igr~in~d-and -finely -bedded c~arseningto' medi~m~g;ai;,-~v~icanic-l:>;:~ccia/lapilii· ----[upper--Felsics"--==.J pyrllicc-rYstal-lithic lap'piliistoneand 
down core ...------- plagioclase-_quar~~acite -Ii_thi_c_br_e_c_cia .. 
1R~bbly'Um flow t~pi~-iih sp~cl), gr~des into tilick-randoms-p~seqCen-ce-~-;i~nding-~east7m-- - ~pper Ui~;"afics J -
. down core, cumulate below, abundant dissem sulfides (mostly pyrite), lowest 20cm is very fine --------- --...-- .._-- .. 
grained, heavily chlorite, with blebs of felsic material and pyrite. 
J~~~~:~~i~~~r:_e~~~i)bu-ifcOlo~ed:-m~itle(j"r~~k whl~hT;dom-inat~d l:>y-euh~d;alpYrlte cubes------ ~per-FelsiCs :J ~~~s.~~_~o-;;~~~_~_~i_~i:~~~ii~lt~~~=~_.1 
-~ium grained volcaniclastic breccia w/ abund~nt py~i1.e clast~l, matrix ~upporte~, clast I9£per Felsics-~ lpy7iti~Plagi~~"j;;S-~~qLl~rt;-d~lt-;lithi~---- j 
. population appears Imbricated and possibly with Indistinct bedding, matrix fine grained, clasts 5- -------- breccla .. . _... 
20% phenos (predom plagioclase </=4mm), pyrite clumps are elongate strips of very fine grained, ----
--.- ~~~l~!~hi~~~~~~~~~~~-fT~fg~~~~~1~~~~i~edZ~n~-g~~ding-i~t~-;p~~t;;xt--r~Ck-~~-;-~6~~--· 1Undiff~r~nti~t~ -ultra~~iic~ock,hi9hly--· 1 [9?p~Ultra~fiCS 
--. ~ ... -_ .:. __. - __ alter~ .__-_:::::::-:-::=:_:-:~::_-:::-::-:~:::=:::..--== .::.::::===::::::-_====--======= ~_ 
Interval is arbitrary ended at lower contact of the 21 cm thick Urn finger l,Jpper Felsics 
.. ---- ~:~:-:-c~-t i~:~ :~~~:~~:I~:~;~i::~iC breccia in-;~d-edbythr~~- thi~ (3:21c~thick)-U~fing~rs~'-- ~~;: ;:::::--- Fbx$~ixed~th-U~ 
contacts sharp, bound by symmetric, very fine grained 1-1 Ocmquenched margins and with --
interior of fine, random spx, margins of Um are sharp but irregular and embayed in places 
..'J fine to medium grained volcaniclastic breccia with rare coarse grained c1asts, continuous clast lupper F-~S--J IPYrit~~PlagiOCla-;~:q~~rt;dacite-liihic-'-J 
---- range from sub mm - 5cm, indistinct bedding and clast imbrication, scattered pyrite clumps, as in ~_e_cc_l_a ._ 
I~~T~~:~~~iG~ ~:r~.~ nt, .l!P. to <1= 112°~~~, __ si.,:~ !~?_~~_Ill ~~ .~I~~~~~~EL ~_~--~~==_- ~- __--__:~ ~~~~~~It~~~a fiC".J ~~~~~er~~t::~d UI~;~~-a'fl~ -~~:~~~~I~:--I 
Core Logs Page 159 of212 
1 _ 
If/ole: 85D111 
I From To ROl:kl)'pe Strut p,0S l!..xp,tlntled rock name 
I 
1::~:{:I~~i~~:i;::a~::~~~li~~~:~~O~OO~~~::~::~:g~~::r:O~I:prop~rtlon~~:~ssf~l~spars -·I~o.otwa:~;:~~s .' j~lagl.Oclase-~~.·~:~~·citeorfelsic tuff ~j 
phenos up lo 3rnm in size. 30·60% phenus. Appears to be rare quartz crystals <1 mm, lowest 1m ---.--...-..........--.--.-...-.. ... . . 
may be a volcaniclastic brecda or just tecto_n_iz_e_d_.__. --! 
Ivery fin;grained massive "sand.stone" (fine grained), cut s~ctions app~ars to s~ow clastic texture.IE~~twaii·F·~i~i~· .. J1~;Yst~Ttuff········	 j 
• J Intercalated and/or cut by crn-tlllck black extremely fine grained material (sometimes wl fragments --.----.--....... - - ..-_. ... 
from the SS), unit deformed and heavilt~ut by veins, see l"'o.;..:n"'g..:.lo:..>9<..:S:....... _ 
IContact[~~L~j I· :~; .~j ·1 ~~~;I~~~:e~~ ~;:I~I::~u~i~::~:; ~;g~~ :i:~ra~~0\a~~h~~e~t~~eryfine·9rained·~~it,~Ph:;i~, ~:~ - [~:~;~;::~~·:-·::·llc~stalt~~;·~~:~-·· . ] 1Ft? d!:>~n~! bandin~ (flOW bandin~/f~iiati~Il?) . ." .._.. .._..... ._ .... ....~~::~.::~.:......::=. .:-:=::::.....:.:=:..=:...........:. J 
Sharp irregular contact Footwall Felsics jI .]'l~t~n.tact[:~~~~I r-4~Oi:1 EOH. Sandstone continues as above but heavily altered and may be tectolllzed. Broken into what Footwall Felsics lcrystal tuff? .Ilooks like breccla but may be a secondary effect of tectonism/def and differential alteration Also - .. ------ ---....-.---... ..... 
~~in~~ 'iVittlqUi3rtZ/c;i3!boni31e ..... ..__.,_... 
f/ole: 85D112 ["'i2olli'3olluoc Idark grey ~oarsely po;phyroblastict~lc carbo~at~.~~-e>cturep·;~;~;~~d·,i~;:;,I~·b~h;~·~it~:·2- ..... ICo-;~r-'uilr;m~ii;; ··ll6iivine c~m;:;j~te" undifferentiated I' 8mm cqrbonate porphyroblasts L _ .. - -~........ . . 
I'" 13011 135! !UoMCm 1~~ ab~ve:p~i~il~~ ~itt~·faint ghost of 3-5mm ovoiclcl~se packed oiivine, very·po~riy·p;~~eryed . lLO~~·~·~I~~~~fiZ_.· j~OI6iVin~ ml~~~um~late: undifferentiated, 
texture - mm ° IVIne 
l... 135/ i 145/ IUoc . Jd~~kg;ey coarsely porphyrobla~tic 't~lc carb~'n~te, noi~>ct~·~~··p~e~-e;ved~-1-mmlOb~h-;:~mite,2: l~;;~~ir~__ :1 ~~~vin~-CL;m~~:-u~~fier~~!~ated 
8mrn carbonate porphyroblasts ----.--------------------1 
[.~·~~511.l47i I~?MCS~ j 3-7mm random ovoid olivines, close packed, lmm lob chromite, texture preserved in carbonate- §;e;:-ullrar;:;t;Z-'] Oovlne mesocu~-Iate:-~~g;;ieldured. 
... rich intervals, otherwise no texture preserved .- >6mm olivine 
I. ~ 4711 26~j l~o~csc. ·13.~!m~ ~~.~d~~·'OV;;;d·.;;livill~S, clos~pa~~?~T~m.~~=~~~~t~.== ..=~._~===.·.:·~·-.~l~~~Ultramafic .] 2~~:~~i~~cumulate':·sagOleXtured,··· 
f:~~~~~11 .~~~Iltft~: 11~';~::O:~:;::':,::::t:mmto:':"m.~,b:~k':;;:',,:Ob:~'.. -~==~._-=- .::=J==] ~;;;:::r~::::~~;.~,~::,~od,·
 
[ .. 33811 .. 2801 I~oocm 
. ·12;~~:~e~~~~~L~;~~~p~%~ ~~~n~~~~~~~~~~~~y·se;Pentinised-with~b~nd~nlfre~Oli;i;;-e-;h;;~~g'l~~~r ~~mafic'] Oli~i~~~_~OCU~~I~~~_~.-~~~olivi.~e: -. 
:.. 
p . -_._..,_._.....__._-_..._-_...._....... .... . . 
280 292 IUoOCbm 12-Smrn equant olivine, lmm lob chromite. partly serpenlinised with abundant fresh olivine showing ~ower Ultramafic J O!ivine orthocumulate, bimodal, 2-6mm 1 
I= 11 1 p'rl:!'!ll.I!~nt ~1E::ClVi:lg':,~EClr~~ 1Inm~(")~ ~h..r.'!.rnite, ~~~~~I~~~~ !~.r!!!?ll~~.E.henos. . . ..~:~-.,~.-:.~:~.-.~. oliv!J:1.':,._ .. _..... .. ... . ..1~···,·· I· I UOOC black serpEmtinit~:~o ?h~nos, vabrupt.sha~~~~.~~~~t~it~ltalc~.a!~onat:.a~.~~o~ .._. "." ... _. ~~.:r U~~~~~i~ . Oli~i~~ ~rt~~~~m~~ate: u.nd~fferenliated .. J
-29:~~ ~~~:l !UoCt'-..~.~.~ 1~62 ..~ l~~fv1Cf . .' ~~a;~:o::.::~:~::lr:I~~:~~Cd~.~'::::;-:~~~: ~..:r~:~~~:t.r:::ef~~~h· ~i;~in·~:2m-m lo'b t;;polkili'iiZ- ..~.;:~~ ::~.:::;:~.- ~~~~::~;~~~~~:.'.~:f:~~Tf~:~:~I.i~ted;~1 
.. cl1romite -.-------.- <2mm oli'..ine 
[~~~2511.. 3691 l~oc '1 b{ackpOrph~roblaslic talc carbo~·ate~;;-ote~~re ?re:e~ed __.. _. . j [~;;~--e7~~~afi~] r-?-=.I:.;..:I~..:..i~..:...~..:.._~..:..U..:..~..:..u..:..la-~-~_-,u-_n-.d-~!·f-.-e.r..-e.-~_-tia-_t-~d-.-- . 
Core logs Page 209 IIf2/2 
Hole: BSD112 
From To ROc/{~jlpe 
Cu.~~~1 [.453:61 rUoMCrn 
!_~::::;j 1.:::::1 UOC UoC?I 
qv[·._~:.fj l:::~1 IyKM 
[~~4!:11· 48:~II:~-lbX 
L. 4886~11 488.91 jurn 
l488.8~11 512.51 IlL 
Core lOl{s 
Description Strut pos Expanded rock name 
.--J 2-3mrnrn equal;t to weakly bladed olivine, patchy texture in carbonate rich units, 1cm porphyritic Er Ultramafic jlOlivine m~~ocumulate, undifferentialed,.l 
...... magnetite (overgrown on ChrOll1lte) In some carbonate-rich Intervals, grain size layered on 10m ------'~. oh~ne __._. .u. . .._._ . 
scale with olivines to 8mm 
fine grained, stro~~IY schislose, Ir di~~em $ --_. .. ~~~_e~~~a~~fic . ~~~i~t~f1;,v margin, ·q\;:~hT;~-ca~b, 
ISparsely feldspars phyric, intensely welded, coarse grai~e·d-C"last su~ported-lbX~(aISO has ·m~d!um IFooiwait Fe;is,c;-J clast-?eformed plagioclase da-;;ite-IIthic 
grained and very coarse grained clasts), velY pale yellowish green. Dlssem py, In places: clastic - .-_.. - - .~- breccla 
texture almost completely obliterated 
I::~::;~~:~~::~:::~d~~~:iir-t:i~::-:: :~:~~ ~;~:~~~~t~~~:t~~s:i1t~t-~~yr~~(fe'~~~~r·:?)~-~·= ~~::~~::i~~ -\ ~~~f~:::f:tlb~ ....-- --- ---~. 
·-1 
.. very fine grained coherent unit Pale colours, buff/green. More dissem pyritehere. BSD112-485.5 .-..- ..-.-.---- ..--.-.- ....- .....-.---.. -.. - .IU~n flllge~ - burf gree~ to dark gr;en ~ strongly ~h;~red!ban~~ci w~h-ca~~;~~~-~~;;;;;ci-~_~h!_~~;t~s:. E.~O_~W~I~·:F~-~~~ I ullndiffde~~ntiated ultram~fic-ro~k, highly 
a ereISame as co unit as ab;ve Rare feld~par ~ry;ial~·a~d p~~·S·ib·iy;;-hi;~~i~~d~aiil::~·~s~~~~pin·l<- - IFootwaU Felsi~-l plagioclase-da~ite-
zones: gradational change from rest of unit and poss result of alteration/not a change in lithology, l __... "_....._. __. .J_...__..-...-- ... -
20cm autobreccia (?) zone at -51o.2m. r 
-1 ~:~:e~:::~::brec~ia - no Change· in litilOIOg d-is-t-in-c-.i--cO-·I-O-~~-~:·c--h--a-n-geS·butnOdisunct-·chang~in-· ~~:~~~::::: -j ~~~l-~;~~:;~;~I~g~;a~~··d;~ii~~iiihfc··y ~
 
" lithology - may be a function of alteralion, coarse to medium grained probably clast supported, -----.--- breccla . .. ...__.... _._ ... 
. ..... t:Jl gm. 'IV~J~!Il9. ~~r~ase~_~~'lVn...:~~_e and star:!..~~ see spa!se mm.!eldspars phenos _.~__ j Non-welded clast supported, medium to coarse grained, sparse plagioclase clasts «1 mm) . 
- (between 528-530.5m core IS a med grey and looks more like typical FW). Note most of FW IS 
very bleached except in zones such as that noted above where can see textures better. 
J Welded~Ok:anTc·iasti·c-br;c;;a~-@531:9;:;:;~i-5cm; @535.2~, 20cm; @536.6m, irregui;-veinscl !Footwall Felsics-J. ~last-defOrm~dPla9i~-;;ias~-~. ~;t~~I~hi~ ... j 
fine grained avocado green material. Moderate to densely welded breccia. Welding most intense ------- breccia +Um? 
-------_ ..•....._---.... -._-_._..... _.. _-.
in middle and decreases towards edges, medium to coarse grained, c1ast supported. 
··-1 P-o~rly toi;:;iensely~elded·-b~;~;T~~ weidingincre;~;cfuwn to 529.3m, medium to coar;e grained, ~~~~~~!.elsics . Jcbl~~t~?efOrmed·Plag;~Clas~··d~c;t~:iiih;~ I 
~I~~~.~~P.£~'!~~: ... .... ... .. ._._.. _______._. .. . ... _._. _ reccla 
~~wali-~~~~s~ Pla~~~~~e: _d~Cit~ . - _.. _. , 
E~twall Felsics clasl-?eforrned plagioclase dacite-Iilhic I.•.."•.__ ~j ~:;~i:t~~:l\Z:.~,;eT;~)i~; ~t~~~~~'r;~iI~~ri4~g;i~~-s~p-PO~~~=~=_.~~~~~_.= 
------- breccla 1 
........... ] IAn~tl~~rCO.-~-;;:;. e~n~-notic-e~biechange inl.ilhOI09Yiromibxs, th.OU9tl-up~;:--;;O~act i;;;:;t;;:oken IFootwalll=e~CS ) p~agi~~~:.-~~cil~.~·~=~_=.~_~_=_·~~~~] 
.'~~~ ~~~ uni~~~.£~I~_~E~'IV!1!~~~~~Lt~~~disl~brown._.. . . . . _ 
____ ISharp . Footwall Felsics 
___ l[intenSelywe~dedbre~cia WhiChgr.:"~e-s~...-in-to-.-~-~-d-.~-nc-i-p-~e·.-~-t1~-_-~-:-~d-:-~-b-x-.:..-.~===--_- __-._-_~-_----I f-F-o-otw-a-II-F-e-Is-ic-s--I clast-deformed plagioclase dacite-Iilhic 
_____---J breccia 
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